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SYSTEM FOR REPRODUCING AND MODULATING STABILITY 
AND TURNOVER OF RNA MOLECULES 



10 GOVERNMENTAL SUPPORT 

The research leading to the present invention was supported, at least in part, by grant 
No. GM56434 from the National Institutes for Health. Accordingly, the Government 
may have certain rights in the invention. 

15 FIELD OF THE INVENTION 

Broadly, the present invention involves a system and method for monitoring the stability of 
RNA and identifying agents capable of modulating RNA stability. 

BACKGROUND OF THE INVENTION 

20 The relative stability ofamRNA is an important regulator of gene expression. The half-life 
of a mRNA plays a role in determining both the steady state level of expression as well as the 
rate of inducibility of a gene product. In general, many short-lived proteins are encoded by 
short-lived mRNAs. Several mRNAs that encode stable proteins, such as a-globin, have also 
been shown to have extraordinarily long half-lives. Surveillance mechanisms are also used 

25 by the cell to identify and shorten the half-lives of mRNAs that contain nonsense codon 

mutations. Clearly, changes in the half-life of a mRNA can have dramatic consequences on 
cellular responses and function. 

Little is known about mechanisms of mRNA turnover and stability in mammalian cells, but 
30 in vivo data are beginning to allow some generalizations about major pathways of mRNA 

turnover. The mRNA poly(A) tail can be progressively shortened throughout the lifetime of 
a mRNA in the cytoplasm. Controlling the rate of this deadenylation process appears to be a 
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target for many factors that regulate mRNA stability. Once the poly(A) tail is shortened to 
approximately 50-100 bases, the body of the mRNA is degraded in a rapid fashion with no 
discernible intermediates. The process of translation also influences mRNA stability. Little 
is known, however, concerning the enzymes and regulatory components involved in 
5 mammalian mRNA turnover. 

Several cis-acting elements have been shown to play a role in mRNA stability. Terminal (5') 
cap and 3 r -poly(A) structures and associated proteins are likely to protect the transcript from 
exonucleases. Several destabilizing as well as stabilizing elements located in the body of the 

10 mRNA have also been identified. The best characterized instability element is an A-U rich 
sequence (ARE) found in the 3' untranslated region of many short-lived mRNAs. These 
AREs primarily consist of AUUUA (SEQ ID NO: 12) repeats or a related nonameric 
sequence. AREs have been shown to increase the rate of deadenylation and mRNA turnover 
in a translation-independent fashion. For example, proteins with AU-rich elements include 

15 many growth factor and cytokine mRNAs. such as c-fos. c-jun, c-myc TNFa, 

GMCSF, IL1-1 5. and IFN~p. Other stability elements include C-rich stabilizing 
elements, such as are found in the mRNAs of globin. collagen, lipoxygenase, and 
tyrosine hydroxylase. Still other mRNAs have as yet uncharacterized or poorly 
characterized sequence elements, for example, that have been identified by deletion 

20 analysis, e.g. VEGF mRNA. 

Numerous proteins have been described that interact with some specificity with an 
ARE. but their exact role in the process of mRNA turnover remains to be defined. For 
example, proteins which bind to the ARE described above include HuR and other 
25 ELAv family proteins, such as HuR (also called HuA), Hel-Nl (also called HuB), 
HuC and HuD: AUF1 (four isoforms); tristetrapolin; AUH; TIA; TIAR; 
glyceraldehyde-3 -phosphate; hnRNP C; hnRNP Al : AU-A; and AU-B. Many others 
have not been extensively characterized. 

30 Through the application of genetics, the mechanisms and factors involved in the 

turnover of mRNA in Saccharomyces ccrcvisiae are beginning to be identified. One 
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major pathway of mRNA decay involves decapping followed by the action of a 5'-to- 
3 r exonuclease. Evidence has also been obtained for a role for 3'-to-5' exonucleases in 
an alternative pathway. Functionally significant interactions between the cap structure 
and the 3' poly(A) tail of yeast mRNAs have also been described. Several factors 
5 involved in the translation-dependent pathway of nonsense-codon-mediated decay 
have also been identified. Whether these observations are generally applicable to 
mammalian cells, however, remains to be established. 

Mechanistic questions in mammalian cells are usually best approached using 

1 0 biochemical systems due to the inherent difficulties with mammalian cells as a genetic 
system. Thus, efforts have been made to develop in vitro systems to study mRNA 
stability and turnover. However, the presently available in vitro systems suffer from 
numerous limitations. For example, many suffer from poor data quality and a general 
lack of reproducibility that significantly limits their application. Another key 

15 problem is that most of these systems do not faithfully reproduce all aspects of mRNA 
stability. A significant difficulty in the development of these systems is to 
differentiate between random, non-specific RNA degradation and true, regulated 
mRNA turnover. The significance of all previous in vitro systems to the true in vivo 
process of mRNA stability, therefore, is unclear. To date, no in vitro mRNA stability 

20 system has been generally accepted in the field as valid and useful. Other problems 

that have been uncovered in presently available systems are that they usually involve a 
complicated extract protocol that is not generally reproducible by other laboratories in 
the field. Also, presently available systems can only be used to assess the stability of 
endogenous mRNAs. severely limiting their utility. Finally, the data quality obtained 

25 using such systems is highly variable, precluding their use in sensitive screening 
assays. 

Accordingly, there exists a need for an in vitro RNA stability system is efficient and 
highly reproducible, and further, one which produces minimal to undetectable 
30 amounts of RNA degradation 
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A further need exists for an in vitro RNA stability system wherein deadenylation of an 
RNA transcript in the system should occur before general degradation of the mRNA 
body is observed. Also needed is an in vitro RNA stability system wherein 
degradation of the mRNA body occurs in an apparently highly processive fashion 
5 without detectable intermediates, and further, the regulation of the rate of overall 
deadenylation and degradation should be observed in a sequence-specific manner. 
Such a system should be applicable to exogenous RNAs and allow ease of 
experimental manipulation. 

10 The citation of any reference herein should not be construed as an admission that such 
reference is available as "Prior Art" to the instant application. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, an in vitro system for modulating the 
15 stability and turnover of an RNA molecule is provided which models RNA processing 
in vivo. Thus, the present invention permits high throughput screening of 
compounds/macromolecules that modulate the stability of eukaryotic RNAs in order 
to identify and design drugs to affect the expression of selected transcripts, as well as 
to aid in the characterization of endogenous proteins and other macromolecules 
20 involved in mRNA stability. The in vitro system of the present invention is useful as 
a diagnostic aid for determining the molecular defect in selective disease alleles; 
development of/;? vitro mRNA stability systems for other eukaryotic organisms 
including parasites and fungi which should lead to novel drug discovery; and 
improving gene delivery systems by using the system to identify factors and RNA 
25 sequences that affect RNA stability. 

Broadly, the present invention extends to an in vitro system capable of recapitulating 
regulated RNA turnover of an exogenously added preselected target RNA sequence, the 
system comprising a ceil extract and a target RNA sequence. In a non-limiting example of 
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the system described herein, the regulated RNA turnover is AU-rich element regulated RNA 
turnover or C-rich element regulated RNA turnover. 

The cell extract of the system of the present invention is isolated from iysed eukaryotic cells 
5 or tissues: the cell extract may be obtained for example from a cell line, such as HeLa cells or 
a T cell line, but the invention is not so limited. The cell extract may be prepared from cells 
comprising foreign nucleic acid, such as those that are infected, stably transfected, or 
transiently transfected. The cell extract may be partially purified. 

1 0 In one embodiment of the invention, the cell extract may be depleted of activity of proteins 
that bind polyadenylate. The depletion of activity of proteins that bind polyadenylate from 
the cell extract may be achieved by any of a number of methods, for example, the addition to 
the system of polyadenylate competitor RNA: the sequestration of proteins that bind 
polyadenylate: the addition of a proteinase that inactivates a protein that bind to 

1 5 polyadenylate: or addition of an agent that prevents the interaction between polyadenylate 
and an endogenous macromolecule that binds to polyadenylate, to name a few. As further 
examples of the methods for sequestration of proteins that bind polyadenylate. it may be 
achieved by such non- limiting procedures as the treatment of the extract with an material that 
depletes macromolecuies that bind polyadenylate, such as antibodies to proteins that bind 

20 polyadenylate, polyadenylate. and the combination. The material may be attached to a 
matrix. Other methods to achieve the depletion of the activity of proteins that bind 
polyadenylate may be used. 

The target RNA sequence used in the system may be, by way of non-limiting examples, 
25 synthetic RNA, naturally occurring RNA. messenger RNA, chemically modified RNA, or 
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RNA-DNA derivatives. The target RNA sequence may have a 5' cap and a 3' polyadenylate 
sequence. The target RNA sequence may be unlabeled target RNA sequence, labeled target 
RNA sequence, or a the combination of both. The labeled RNA sequence may be labeled 
with a moiety such as. but not limited to a fluorescent moiety, a visible moiety, a radioactive 
5 moiety, a ligand, and a combination of fluorescent and quenching moieties. Other moieties 
and means for labeling RNA are embraced herein. 

The system of the present invention may additionally include exogenously added nucleotide 
triphosphate: ATP is preferred. It may also include a reaction enhancer to enhance the 
10 interaction between the various components present in the system, for example, polymers 
such as but not limited to polyvinyl alcohol, polyvinylpyrrolidone and dextran; polyvinyl 
alcohol is preferred. 

The present invention is also directed to a method for identifying agents capable of 
1 5 modulating the stability of a target RNA sequence. The method is carried out by preparing 
the system described above which includes the cell extract depleted of activity of proteins 
that bind polyadenylate and the target RNA sequence; introducing into the aforesaid system 
an agent to be tested: determining the extent of turnover of the target RNA sequence by, for 
example, determining the extent of degradation of the labeled target RNA: and then 
20 identifying an agent which is able to modulate the extent of RNA turnover as capable of 
modulating the stability of the target RNA sequence. 

The method described above may additionally include nucleotide triphosphate, ATP being 
preferred. The agent to be tested may be. but is not limited to. an RNA stability modifying 
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molecule. The non-limiting selection of the types of target RNA sequence and the non- 
limiting types of labels useful for the RNA as described hereinabove. 



The method of the present invention is useful for identifying agents which can either 
5 increases or decrease the stability of said target RNA sequence. Such agents may be capable 
of modulating the activity of an RNA binding molecule such as. but not limited to, C-rich 
element binding proteins and AU rich element binding proteins, examples of the latter 
including HuR and other ELAv family proteins, such as HuR , Hel-NL HuC and HuD; 
AUF1; tristetrapolin: AUH; TIA; TIAR: glyceraldehyde-3-phosphate: hnRNP C; 
1 0 hnRNP Al : AU-A: and AU-B. This list is provided as illustrative of the types of 

molecules that may be evaluated in the present invention, but is by no means limiting. 

In a further embodiment of the present invention, a method is provided for identifying an 
agent that is capable of modulating the stability of a target RNA sequence in the presence of 

15 an exogenously added RNA stability modifier or RNA binding macromolecule. Non- 
limiting examples of such molecules are described above. The method is carried out by 
preparing the system described above which includes the ceil extract can be depleted of 
activity of proteins that bind poiyadenyiate and the target RNA sequence; introducing into 
the aforesaid system the exogenously added RNA stability modifier or binding 

20 macromolecule and the agent to be tested; determining the extent of turnover of the target 
RNA sequence by. for example, determining the extent of degradation of the labeled target 
RNA; and then identifying an agent able to modulating the extent of the RNA turnover as 
capable of modulating the stability of the target RNA sequence in the presence of the 
exogenously added RNA stability modifier. 
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The non-limiting selection of the components of this method are as described above. The 
aforementioned method is useful, for example, when the RNA stability modifier decreases 
the stability of said target RNA sequence, and the agent to be identified increases the stability 
of the target RNA sequence that is decreased by the RNA stability modifier. In addition, the 
5 method is useful when the RNA stability modifier increases the stability of the target RNA 
sequence, and the agent to be identified decreases the stability of the target RNA sequence 
that is increased by the RNA stability modifier. Non-limiting examples of RNA stability 
modifiers include C-rich element binding proteins, and AU rich element binding proteins, 
examples of AU rich element binding proteins, including HuR and other ELAv family 
10 proteins, such as HuR . Hel-Nl, HuC and HuD; AUF1; tristetrapoiin; AUH; TIA; TIAR; 

glyceraIdehyde-3-phosphate: hnRNP C; hnRNP Al; AU-A: and AU-B. This list is provided 
as illustrative of the types of molecules that may be evaluated in the present invention, but is 
by no means limiting. 



15 The present invention is further directed to a method for identifying an agent capable of 
modulating the deadenylation of a target RNA sequence comprising preparing the system 
described above in the absence of nucleotide triphosphate, such as ATP; introducing an agent 
into the system: and monitoring the deadenylation of the target RNA sequence. Furthermore, 
the invention is also directed towards a method for identifying an agent capable of 

20 modulating the deadenylation and degradation of a target RNA sequence comprising 

preparing the system described herein in the presence of ATP; introducing the agent into the 
system; and monitoring the deadenylation and degradation of the target RNA sequence. 
These embodiments may also be carried out in the presence of an RNA stability modifier or 
RNA binding macromolecule to determine the ability of the agent to modulate the effect of 

25 the modulator or binding molecule on RNA stability. 
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It is a further aspect of the present invention to provide a method for identifying an agent 
capable of modulating cell growth or cell differentiation in a mammal comprising 
determining the ability of said agent to modulate the stability of a target RNA sequence 
involved in the modulation of cell growth or differentiation in accordance with the methods 
5 described above. The agents capable of modulating cell growth or cell differentiation may 
intervene in such physiological processes as cellular transformation and immune 
dysregulation. but the invention is not so limiting. 



It is yet a further aspect of the present invention to provide a method for identifying, 
1 0 characterizing and isolating an endogenous molecule suspected of participating in the 

deadenyiation or degradation of RNA or regulation thereof comprising preparing the system 
described hereinabove; introducing a protein suspected of participating in the regulation of 
RNA turnover into said system: and monitoring the stability of the target RNA sequence. 
The endogenous molecule suspected of participating in the deadenyiation and/or degradation 
15 of RNA or regulation may be protein or RNA. 



In another embodiment of the invention, a method is provided for identify ing an agent 
capable of modulating the degradation a target RNA sequence in the absence of 
deadenyiation comprising providing a cell extract in the presence of a nucleotide 
20 triphosphate; introducing said agent into said cell extract; and monitoring the degradation of 
said target RNA sequence in said extract. 



A further aspect of the present invention is directed to a kit for monitoring the stability of a 
preselected target RNA sequence under conditions capable of recapitulating regulated RNA 
25 turnover. The kit comprises a cell extract that optionally may be depleted of activity of 
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The kit may further 



Accordingly, it is an object of the invention to provide a system for modulating the stability 
5 and turnover of an RNA molecule in vitro, which permits a skilled artisan to study the 

turnover generally, or deadenylation and degradation specifically, of an RNA transcript and 
screen drugs which can modulate the stability and turnover of an RNA transcript. The 
turnover may be in the absence or presence of exogenously added RNA stability modulators, 
or permit the study of the role of endogenous molecules in RNA turnover. 

10 

It is another embodiment of the invention to provide a kit that a skilled artisan can readily use 
to modulate the stability and turnover of an RNA molecule in vitro, and investigate the 
aforementioned agents. 

1 5 These and other aspects of the present invention will be better appreciated by reference to the 
following drawings and Detailed Description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 FIG.l A-D: The addition of poly(A) to cytoplasmic SI 00 extracts activates specific 
deadenylase and degradation activities. Panel A. Poly(A) competitor RNA activates 
nucleoiytic activities in the extract. A capped, radiolabeled 54 base RNA containing a 60 
base poly(A) tail (Gem-A60) was incubated at 30° C with SI 00 extract in the absence (lanes 
marked SI 00) or presence (Lanes marked SI 00 +Poly(A)) of 500 ng of cold poiy(A) RNA as 

25 described in Materials and Methods of Example I for the times indicated. RNA products 
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were analyzed on a 5% acrylamide gel containing 7M urea. The position of a deadenylated, 
54 base transcript (Gem-AO) is indicated on the right. Panel B. The shortening of input 
transcripts is due to a 3"-to-5* exonuclease. Gem-A60 RNA. labeled exclusively at the 5* cap, 
was incubated in the in vitro mRNA stability system for the times indicated. Reaction 
5 products were analyzed on a 5% acrylamide gel containing 7M urea. The position of a 

deadenylated. 54 base transcript (Gem-AO) is indicated on the right. Panel C. An alternative 
approach also demonstrates that the shortening of input transcripts is due to a 3'-to-5' 
exonuclease. ARE-A60 RNA. radiolabeled at A residues, was incubated in the in vitro 
stability system for the times indicated. Reaction products were hybridized to a DNA oligo 

10 and cleaved into 5' and 3" fragments using RNase H. Fragments were analyzed on a 5% 

acrylamide gel containing 7M urea. Panel D. The 3"-to-5* exonuclease activity is a specific 
deadenylase. Gem-A60 RNA or a variant that contains 1 8 extra nucleotides after the poly(A) 
tract (Gem-A60-1 5) were incubated in the in vitro stability system for the times indicated. 
RNA products were analyzed on a 5% acrylamide gel containing 7M urea. The position of a 

1 5 deadenylated. 54 base transcript (Gem-AO) is indicated on the left. 31 + 11 .0% of the input 
Gem-A60 RNA was deadenylated/degraded in 30 min. 



FIG. 2 A-E: The rate of transcript degradation in the in vitro system is regulated by AU-rich 
instability elements in a sequence-specific fashion. Panel A. AU-rich elements dramatically 

20 increase the rate of turnover in the in vitro system. Gem-A60 RNA or a polyadenylated 

transcript that contains the 34 base AU-rich element from the TNF-a mRNA, were incubated 
in the in vitro stability system for the times indicated. RNA products were analyzed on a 5% 
acrylamide gel containing 7M urea. The positions of deadenylated transcripts (Gem-AO and 
ARE-AO) are indicated. The ARE-A60 RNA was deadenylated/degraded 6.6+0.4 fold faster 

25 than Gem-A60 RNA. Panel B. The AU-rich element from c-fos mRNA also functions as an 
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instability element in vitro. Gem-A60 RNA or a transcript that contains the 72 base AU-rich 
element from the c-fos mRNA (Fos-A60) were incubated in the in vitro stability system for 
the times indicated. RNA products were analyzed on a 5% acrylamide gel containing 7M 
urea. The positions of deadenyiated transcripts (Gem- AO and Fos-AO) are indicated. The 
5 Fos-A60 RNA was deadenylated/degraded 3.5+0.3 fold faster than Gem-A60 RNA. Panel 
C. The ability of AU-rich elements to mediate transcript instability in the in vitro system is 
sequence-specific. ARE-A60 RNA or a variant that contains a mutation at every fourth 
position (mt ARE-A60: see Materials and Methods) were incubated in the in vitro stability 
system for the times indicated. RNA products were analyzed on a 5% acrylamide gel 

10 containing 7M urea. The positions of deadenyiated transcripts (ARE-AO and mt ARE- AO) 
are indicated. Mutations in the ARE reduced the rate of deadenylation/degradation by 
3.7+1 .4 fold compared to the wild type ARE-A60 transcript. Panel D. The TNF-a AU-rich 
element mediates instability in a heterologous context. A polyadenylated 250 base RNA 
derived from the SV late transcription unit (SV-A60), or a variant that contains the 34 base 

15 AU-rich element from the TNF-a mRNA (SVARE-A60), were incubated in the in vitro 

stability system for the times indicated. RNA products were analyzed on a 5% acrylamide 
gel containing 7M urea. The positions of deadenyiated transcripts (SV-AO and SVARE-AO) 
are indicated. SVARE-A60 RNA was deadenylated/degraded 3.5+0.7 fold faster than 
SV-A60 RNA. Panel E. The AU-rich element derived from the GM-CSF mRNA functions 

20 in vitro on nearly a full length RNA substrate. A nearly full length version of the GM-CSF 
mRNA that contained an AU-rich element (GM-CSF(+ARE), or a version in which the 
AU-rich element was deleted (GM-CSF(-ARE), were incubated in the in vitro stability 
system for the times indicated. RNA products were analyzed on a 5% acrylamide gel 
containing 7M urea. GM-CSF(+ARE) was deadenylated/degraded 2.8+0.2 fold faster than 

25 the GM-CSF(-ARE) transcript. 
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FIG. 3 A-B: Deadenyiation occurs in the absence of ATP and is regulated by AU-rich 
elements in vitro. Panel A. Degradation, but not deadenyiation, requires ATP. 
SV-ARE-A60 RNA was incubated in the in vitro system in the presence ((+) ATP lanes) or 
absence ((-) ATP lanes) for the times indicated. RNA products were analyzed on a 5% 
5 acryiamide gel containing 7M urea. The positions of the deadenylated SVARE-A) transcript 
is indicated. Panel B. AU-rich elements regulate the rate of deadenyiation on RNA 
substrates which carry a physiologic length poly(A) tail. SV RNA or SV-ARE RNA (a 
variant that contains an AU-rich element) were polyadenylated with yeast poly(A) 
polymerase and species that contained tails of approximately 1 50-200 bases were gel 
10 purified. These RN As ( S V( A 1 50-200) and SVARE(A 1 50-200) were incubated in the in vitro 
stability system for the times indicated. RNA products were analyzed on a 5% acryiamide 
gel containing 7M urea. The positions of deadenylated transcripts (SV-A0 and SVARE-A0) 
are indicated. SVARE( A 1 50-200) RNA was deadenylated 2.2+0.3% fold faster than the 
SV( A 1 50-200) transcript. 

15 

Figure 4 A-B: The HuR protein of the ELAV family specifically binds to the TNF-a 
AU-rich element in the in vitro system. Panel A. Two proteins specifically interact with the 
TNF-a AU-rich element. Gem-A60 and ARE-A60 RNAs were radiolabeled at U residues 
and incubated in the in vitro stability system for 5 min. in the presence of EDTA (to block 

20 degradation and allow for accurate comparisons). Reaction mixtures were irradiated with 
UV light cleaved with RNase A, and protein-RNA complexes were analyzed on a 10% 
acryiamide gel containing SDS. The approximate sizes of the cross linked proteins indicated 
on the right were deduced from molecular weight markers. Panel B. The 30 kDa protein is 
HuR. Radiolabeled ARE-A60 RNA was incubated in the in vitro RNA stability system and 

25 cross- linked to associated proteins as described above. C ross linked proteins were 
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immunoprecipitated using the indicated antisera prior to analysis on a 10% acrylamide gei 
containing SDS. The lane marked Input denotes total cross linked proteins prior to 
immunoprecipitation analysis. 



5 Figure 5 A-C: While AU-rich element binding factors are important to promote RNA 
deadenylation and degradation, the binding of the HuR protein to AU-rich elements is not 
associated with AU-rich element-mediated transcript instability. Panel A. Competition 
analysis suggests that AU-rich element binding factors are required for deadenylation and 
degradation of transcripts. SVARE-A60 RNA was incubated in the in vitro stability system 

1 0 for 30 min. in the presence of the indicated amounts of a synthetic RNA competitor that 
contained the TNF-a AU-rich element (ARE comp.) or a non-specific sequence. RNA 
products were analyzed on a 5% acrylamide gel containing 7M urea. The position of 
deadenylated SVARE-AO RNA is indicated. Panel B. Reaction mixtures were prepared as 
described in panel A with the addition of EDTA to inhibit RNA turnover. Protein-RNA 

15 interactions were analyzed by UV cross linking analysis and analyzed on a 10% acrylamide 
gel containing SDS. The positions of AU rich element-specific cross linked species is 
indicated on the left. Panel C. Reactions were prepared exactly as described for Panel B. 
except samples were immunoprecipitated using a-HuR specific antisera prior to gel 
electrophoresis. 

20 

FIG. 6 A-D: ELAV proteins specifically stabilize deadenylated intermediates in the in vitro 
system. Panel A. SVARE-A60 RNA was incubated in the in vitro system in the presence 
(lanes (+) Hel-N 1 )) or the absence (lanes (-) Hel-Nl ) of 1 ug of recombinant Hel-N 1 protein. 
RNA products were analyzed on a 5% acrylamide gel containing 7M urea. The position of 
25 deadenylated SVARE-AO transcript is indicated. Panel B. SVARE-A60 RNA was incubated 
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in the in vitro system in the presence of 1 ug of recombinant Hel-N 1 (lanes (+) Hel-Nl), GST 
only (lanes (+) GST), or an unrelated RNA binding protein hnRNP H' (lanes (+) hnRNP H'). 
RNA products were analyzed on a 5% acryi amide gel containing 7M urea. The position of 
deadenylated SVARE-AO transcript is indicated. Panel C. ARE-A60 RNA. or an unrelated 
5 transcript that lacked an AU-rich element (CX-A60). were incubated in the in vitro stability 
system for 30min. in the presence (+ lanes) or absence (- lanes) of ~1 ug of Hel-N2 protein. 
RNA products were analyzed on a 5% acrylamide gel containing 7M urea. The positions of 
deadenylated transcripts are indicated. Panel D. A variant of SV-A60 RNA that contained 
the TNF-oc ARE in the 5 1 portion of the transcript (SV5'AGE-A60) was incubated in the in 
10 vitro system for 50 min in the absence (- lane) or presence (+ lane) of 1 u.g of Hel-N2 

protein. RNA products were analyzed on a 5% acrylamide gel containing 7 M urea. The 
positions of imput and deadenylated transcripts are indicated. 

DETAILED DESCRIPTION OF THE INVENTION 
15 Numerous terms and phrases are used throughout the instant Specification. The meanings of 
these terms and phrases are set forth below. 

In particular, as used herein "half-life" of an RNA molecule refers to the measurement of the 
decline in the amount of an RNA molecule to serve as a template for the synthesis of its 
20 protein product. 



As used herein "turnover" refers to the degradation of an RNA molecule. Turnover 
comprises deadenylation and degradation. 
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As used herein a "cap" or"5 f cap" or "terminal cap", and be used interchangeable, and refer to 
a 7-methyI guanosine (7mG) cap chemically conjugated to the most 5 T nucleotide of the RNA 
molecule. 

5 As used herein, the phrase "polyadenylic acid (poly(A)) tail" refers to a string of contiguous 
adenylic acids (poiyadenylate) added post transcriptionally to the 3' end of an RNA molecule, 
such as niRNA. 

As used herein, the term "stability" refers to the maintenance of an RNA molecule so that it 
10 can function, and thus retard the degradation process of an RNA molecule. 

As used herein, the phrase "a polyadenylic acid competitor nucleic acid oligomer" refers to 
an oligomer comprising contiguous adenylic acids" which can be added to a system of the 
invention and sequester proteins that bind poly(A). Thus, the degradation of a particular 
15 RNA molecule having a poly(A) tail can be modulated. 

Also, as used herein, the phrase "restriction endonuclease" refers to an enzyme that 
recognizes specific nucleotide sequences in a nucleic acid molecule, and produces a double- 
stranded break within or near the site. Some restriction enzymes, such as EcoRl or HindlU 
20 produce "complementary tails" on each of fragments produced. These tails are said to be 

"sticky" because under hybridization conditions they can reanneal with each other. Thus, if 
two separate nucleic acid molecules share the same restriction site, then both will contain 
complementary single-stranded tails when treated with the same restriction endonuclease. 
and can be spliced together forming a recombinant nucleic acid molecule. 

25 
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Naturally, as used herein, the phrase "restriction endonuclease site" refers to a specific 
nucleotide sequence that is recognized by a specific restriction endonuclease. 



Furthermore, numerous conventional molecular biology, microbiology, and recombinant 
5 DNA techniques within the skill of the art can be readily utilized to practice the instant 

invention. Such techniques are explained fully in the literature. See. e.g., Sambrook, Fritsch 
& Maniatis. Molecular Cloning: A Laboratory Manual, Second Edition (1989) Cold Spring 
Harbor Laboratory Press. Cold Spring Harbor. New York (herein "Sambrook et aL 1989"); 
DNA Cloning: A Practical Approach. Volumes I and II (D.N. Glover ed. 1985); 

1 0 Oligonucleotide Synthesis (M.J. Gait ed. 1 984): Nucleic Acid Hybridization [B.D. Hames & 
S.J. Higgins eds. (1985 )]: Transcription And Translation [B.D. Hames & S.J. Higgins, eds. 
( 1 984)]; Animal Cell ( \ilture [R.I. Freshney. ed. ( 1 986)]; Immobilized Cells And Enzymes 
[IRL Press. ( 1 986)]; B. Perbal, A Practical Guide To Molecular Cloning ( 1 984); F.M. 
Ausubel et aL (eds.), Current Protocols in Molecular Biology, John Wiley & Sons. inc. 

15 (1994). 

Therefore, if appearing herein, the following terms shall have the definitions set out below. 

A "vector" is a replicon. such as piasmid. phage or cosmid, to which another DNA segment 
20 may be attached so as to bring about the replication of the attached segment. A "replicon" is 
any genetic element (e.g.. plasm id. chromosome, virus) that functions as an autonomous unit 
of DNA replication in vivo, i.e., capable of replication under its own control. 

A "cassette" refers to a segment of a nucleic acid molelcule, such as DNA or RNA, that can 
25 be inserted into a vector at specific restriction sites. The segment of the nucleic acid 
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molelcule may encode a polypeptide of interest, and the cassette and restriction sites are 
designed to ensure insertion of the cassette in the proper reading frame for transcription and 
translation. 



5 A cell has been "transfected" by exogenous or heterologous DNA when such DNA has been 
introduced inside the cell. A cell has been "transformed" by exogenous or heterologous 
DNA when the transfected DNA effects a phenotypic change. Preferably, the transforming 
DNA should be integrated (covalently linked) into chromosomal DNA making up the 
genome of the cell. 

10 

A "nucleic acid molecule" refers to the phosphate ester polymeric form of ribonucleosides 
(adenosine, guanosine. uridine or cytidine; "RN A molecules") or deoxyribonucleosides 
(deoxyadenosine. deoxyguanosine, deoxythymidine, or deoxycytidine: "DNA molecules"), or 
any phosphoester anologs thereof, such as phosphorothioates and thioesters, in either single 

15 stranded form, or a double-stranded helix. Double stranded DNA-DNA, DNA-RNA and 
RNA-RNA helices are possible. The term nucleic acid molecule, and in particular DNA or 
RNA molecule, refers only to the primary and secondary structure of the molecule, and does 
not limit it to any particular tertiary forms. Thus, this term includes double-stranded DNA 
found, inter alia, in linear or circular DNA molecules restriction fragments), plasmids, 

20 and chromosomes. In discussing the structure of particular double-stranded DNA molecules, 
sequences may be described herein according to the normal convention of giving only the 
sequence in the 5' to 3' direction along the nontranscribed strand of DNA (i.e., the strand 
having a sequence homologous to the mRNA). A "recombinant DNA molecule" is a DNA 
molecule that has undergone a molecular biological manipulation. 

25 
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A DNA "coding sequence" is a double-stranded DNA sequence which is transcribed and 
translated into a polypeptide in a cell in vitro or in vivo w hen placed under the control of 
appropriate regulatory sequences. The boundaries of the coding sequence are determined by 
a start codon at the 5' (amino) terminus and a translation stop codon at the 3' (carboxyl) 
5 terminus. A coding sequence can include, but is not limited to. prokaryotic sequences. 

cDNA from eukaryotic mRNA. genomic DNA sequences from eukaryotic (e.g.* mammalian) 
DNA, and even synthetic DNA sequences. If the coding sequence is intended for expression 
in a eukaryotic cell, a polyadenylation signal and transcription termination sequence will 
usually be located 3' to the coding sequence. 

10 

A "promoter sequence" is a DNA regulatory region capable of binding RNA polymerase in a 
cell and initiating transcription of a downstream (3' direction) coding sequence. For 
purposes of defining the present invention, the promoter sequence is bounded at its 3' 
terminus by the transcription initiation site and extends upstream (5 ' direction) to include the 
1 5 minimum number of bases or elements necessary to initiate transcription at levels detectable 
above background. Within the promoter sequence will be found a transcription initiation site 
(conveniently defined for example, by mapping with nuclease SI), as well as protein binding 
domains (consensus sequences) responsible for the binding of RNA polymerase. 



The present invention is based upon Applicant's discovery of a heretofore unknown system 
for activating regulated turnover of RNA molecules in vitro that surprisingly and 
unexpectedly permits a skilled artisan to study and to modulate the stability and thus the 
turnover of a RNA molecule in vitro. Thus, the new and useful system of the invention 
25 permits accurate and faithful reproduction of both general and regulated aspects 
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deadenylation and degradation of an RNA molecule, also referred to herein as recapitulating; 
regulated RNA turnover, particularly a eukaryotic mRNA transcript. In particular, the new 
and useful system of the invention permits minimal amounts, preferably undetectable, of 
mRNA turnover, and further, deadenylation of an RNA molecule occurs in the svstem prior 
5 to degradation of the RNA molecule, which mimics the turnover process of RNA found in 
vivo. 



The key to the development of the system and methods utilizing the system are based on the 
discovery that poiyadenylate competitor RNA is capable of sequestering proteins that bind 
10 poiyadenylate and consequently activating the deadenyiase enzyme, inducing RNA turnover. 
As it was heretofore considered that such proteins that bind poiyadenylate may contribute to 
RNA deadenylation. the present finding that such proteins are. in contrast, stabilizers of 
RNA, led to the realization that the such proteins are interacting with and inactivating 
destabilizing mediators in vivo. Thus, the present invention is directed to an in vitro system 
15 capable of recapitulating regulated RNA turnover of an exogenousiy added preselected target 
RNA sequence comprising a cell extract depleted of activity of proteins that bind 
poiyadenylate. and a preselected target RNA sequence. In one particular embodiment, the 
regulated RNA turnover is that modulated by AU-rich element (ARE) regulated RNA 
turnover. Examples of mRNAs with AU-rich elements include those of, by way of non- 
20 limiting example, c-fos; c-jun; c-myc TNF-a, GMCSF, IL1-15, and IFN-p. As noted 
above. AU-rich elements are sites for binding of numerous proteins, including the ELAV 
family of ARE-binding proteins, such as HuR , Hel-Nl. HuC and HuD; others include AUF1; 
tristetrapolin: AUH; TIA: TIAR; giyceraldehyde-3-phosphate; hnRNP C; hnRNP Al; AU-A; 
and AU-B.. In another embodiment, the regulated RNA turnover is that modulated by C-rich 
25 element (CRE) regulated RNA turnover, such elements as found in the mRNA of globin 
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mRNAs. collagen, lipoxygenase, and tyrosine hydroxylase. Another mRNA with an as 
yet uncharacterized sequence element is that of VEGF. The invention, however, is not so 
limiting as to the particular elements or binding proteins to these elements involved in the 
regulation of RNA turnover. 

5 

The cell extract of the present invention is prepared from iysed eukaryotic cells or tissues. 
Various methods known to the skilled artisan may be used to prepare the cell extract. 
Various sources of cells may be used, including fresh cells and tissues, and cells lines. Such 
ceils may comprise foreign nucleic acid, such as in ceils that are infected; or are transiently 

1 0 or stably transfected with a mammalian expression vector, the latter as described in more 
detail below. For certain purposes, for example to investigate the role of infection, and in 
particular intracellular infection, on RNA turnover, infected cells may be utilized as the 
source of the cell extract herein. Cells infected with viruses or other intracellular 
microorganisms such as Listeria monocytogenes. HTLV. herpes simplex virus, and HIV, may 

15 be employed for these particular circumstances. Furthermore, prior to preparation of the cell 
extract, cells may be exposed to certain chemical or other extracellular stimuli, for example, 
hormones, growth factors, and kinase and phosphatase inhibitors, which may alter RNA 
turnover, for which subsequent studies as described herein may be used to identify the 
induction of certain proteins involved in modulating RNA turnover, or for the identification 

20 of agents which may counteract adverse RNA turnover modulation induced by such stimuli. 
As will be noted in more detail below, the methods herein may be used to identify agents 
which may protect cells by interfering with adverse RNA turnover induced by various 
sources. The cell extract is preferably free of nuclei and nuclear contents and comprises 
cytoplasm, but this is not essential unless particular components, such as enzymes or other 

25 factors, from nuclei, interfere with the operation of the system. In a typical preparation. 
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which may be modified without departing from the scope of the invention, cells are grown, 
harvested, lysed. centrifuged for 100.000 x g for 1 hour, and diaiyzed. Glycerol may be 
added to protect the extract if stored frozen. 



5 As described above, a cell used to prepare the cell extract may comprise foreign DNA. An 
isolated nucleic acid molecule to placed in a system of the invention can initially be inserted 
into a cloning vector to produce numerous copies of the molecule. A large number of vector- 
host systems known in the art may be used. Possible vectors include, but are not limited to. 
plasmids or modified viruses, but the vector system must be compatible with the host cell 

10 used. Examples of vectors include, but are not limited to. E. cofL bacteriophages such as 
lambda derivatives, or plasmids such as pBR322 derivatives or pUC plasmid derivatives. 
e.g., pGEX vectors, pmal-c, pFLAG. etc. The insertion into a cloning vector can, for 
example, be accomplished by ligating the nucleic acid molecule into a cloning vector which 
has complementary cohesive termini. However, if the complementary restriction sites used 

1 5 to fragment the nucleic acid molecule are not present in the cloning vector, the ends of the 
molecule may be enzymatically modified. Alternatively, any site desired may be produced 
by ligating nucleotide sequences (linkers) onto the termini of the nucleic acid molecule; these 
ligated linkers may comprise specific chemically synthesized oligonucleotides encoding 
restriction endonuclease recognition sequences. Recombinant molecules can be introduced 

20 into host cells via transformation, transfection, infection, electroporation. etc.. so that many 
copies of the nucleic acid molecule are generated. Preferably, the cloned nucleic acid 
molecule is contained on a shuttle vector plasmid. which provides for expansion in a cloning 
cell, e.g., E. coli. and facile purification for subsequent insertion into an appropriate 
expression cell line, if such is desired. For example, a shuttle vector, which is a vector that 

25 can replicate in more than one type of organism, can be prepared for replication in both E. 
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coli and Saccharomyccs cerevisiae by linking sequences from an E. coli plasmid with 
sequences from the yeast 2u. plasmid. 

Naturally, any of the methods previously described for the insertion of an isolated nucleic 
5 acid molecule into a cloning vector may be used to construct expression vectors containing a 
nucleic acid molecule consisting of appropriate transcriptional/translational control signals 
and the protein coding sequences. These methods may include in vitro recombinant DNA 
and synthetic techniques and in vivo recombination (genetic recombination). 

10 Mammalian expression vectors contemplated for use in the invention include vectors with 
inducible promoters, such as the dihydrofolate reductase (DHFR) promoter, e.g., any 
expression vector with a DHFR expression vector, or a ZWF./?/methotrexate co-amplification 
vector, such as pED (Psth Sail. Sbah Smah and EcoRl cloning site, with the vector 
expressing both the cloned gene and DHFR: see Kaufman, Current Protocols in Molecular 

15 Biology, 16.12 (1991). Alternatively, a glutamine synthetase/methionine sulfoximine co- 
amplification vector, such as pEE14 (HindllhXbah Smah Sbah EcoRl, and Bell cloning site, 
in which the vector expresses glutamine synthase and the cloned gene; Ceiltech). In another 
embodiment, a vector that directs episomai expression under control of Epstein Barr Virus 
(EBV) can be used, such as pREP4 (BamH 1 . Sfih Xhoh Noth Nheh Hindllh Nheh Pvulh and 

20 Kpnl cloning site, constitutive RSV-LTR promoter, hygromycin selectable marker; 

Invitrogen), pCEP4 (BamH 1 . Sfih XhoL Noil. Nheh Hindllh NheU PvulU and Kpnl cloning 
site, constitutive hCMV immediate early gene, hygromycin selectable marker; Invitrogen), 
pMEP4 (KpnU Pvuh NheL Hindllh Noth XhoL Sflh BamWX cloning site, inducible 
metallothionein Ha gene promoter, hygromycin selectable marker: Invitrogen), pREP8 

25 (BamHLXhoL Noth Hindllh Nheh and Kpnl cloning site. RSV-LTR promoter, histidinol 
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selectable marker: invitrogen). pREP9 (Kpnl. NheL Hi/tdUl. NofLXhoL SfiL and BamHI 
cloning site, RSV-LTR promoter, G418 selectable marker: Invitrogen). and pEBVHis (RSV- 
LTR promoter, hy groin vein selectable marker. N -terminal peptide purifiable via ProBond 
resin and cleaved by enterokinase: Invitrogen). Selectable mammalian expression vectors for 
5 use in the invention include pRc/CMV (HindWh BstX\. \'ot\. Sba\. and Apa\ cloning site, 
G418 selection: Invitrogen), pRc/RSV (///Will. SpeL BstXh NotLXbal cloning site, G418 
selection: Invitrogen), and others. Vaccinia virus mammalian expression vectors {see, 
Kaufman, 1991. supra) for use according to the invention include but are not limited to 
pSCl 1 (Sma\ cloning site, TK- and p-gal selection). pMJ601 (Sail, Smal Afll* Narh BspMIL 
1 0 BamHL ApaX, Nhe\, SucW* Kpnl. and HindXU cloning site: TK- and P-gal selection), and 
pTKgptF 1 S {EcoKL Ps/\. Sail. Acc\. HindU. SbaL BamHL and Hpa cloning site, TK or 
XPRT selection). 



Once a particular nucleic acid molecule, such as RNA. is inserted into a vector, several 
1 5 methods known in the art may be used to propagate it. Once a suitable host system and 
growth conditions are established, recombinant expression vectors can be propagated and 
prepared in quantity. As previously explained, the expression vectors which can be used 
include, but are not limited to. the following vectors or their derivatives: human or animal 
viruses such as vaccinia virus or adenovirus: insect viruses such as baculovirus: yeast 
20 vectors: bacteriophage vectors (e.g.* lambda), and plasm id and cosmid DNA vectors, to name 
but a few. In addition, a host cell strain may be chosen which modulates the expression of 
the inserted sequences, or modifies and processes the gene product in the specific fashion 
desired. 
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Vectors are introduced into the desired host cells by methods known in the art, e.g.. 
transfection, electroporation. microinjection, transduction, ceil fusion, DEAE dextran. 
calcium phosphate precipitation, lipofection (lysosome fusion), use of a gene gun, or a DNA 
vector transporter (see. e.g., Wti et aL 1992, J. Biol. Chem. 267:963-967; Wu and Wu, 1988. 
5 J. Biol. Chem. 263:14621-14624: Hartmut et ai., Canadian Patent Application No. 2,012,31 1, 
filed March 15. 1990). 

Cells useful for the preparation described herein include immortalized or partially 
immortalized cells which can be grown in large amounts under defined conditions, such as 
10 HeLa cells and various T-cell cell lines. Other sources include tissues, blood cells, or 
myeloid cells. Other sources are well within the realm of the present invention. 

The cell extract of the system described herein is depleted of activity of proteins that bind 
poiyadenylate. This may be achieved by any one or a combination of methods such as the 

1 5 following. While not being bound by theory, each of these methods either removes the 

proteins that bind poiyadenylate. or inactivate the binding activity. These procedures may be 
applied to the cell extract as it is used in the methods described herein, or the cell extract may 
be treated beforehand. For example, a poiyadenylate competitor RN A may be added to the 
cell extract to provide an irrelevant RNA sequence to which the binding proteins may bind, 

20 thus clearing the target RNA sequence of such binding proteins. In another embodiment, 
sequestration of proteins that bind poiyadenylate may be performed. Sequestration may be 
achieved by adding to the cell extract or exposing the cell extract to a material that binds the 
aforementioned proteins, such as antibodies to proteins that bind poiyadenylate, or 
poiyadenylate sequences themselves or macromolecules comprising poiyadenylate sequences 

25 which serve as binding targets for such proteins. Alternatively or in addition, these protein 
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binding materials may be bound to a matrix, such as agarose beads, and the ceil extract 
passed through a column of such beads to remove the proteins which bind poiyadenylate. 
The preparation of such beads covalently modified to comprise antibodies or RNA 
sequences, whether poiyadenylate or sequences comprising poiyadenylate. are known to the 
5 skilled artisan. Another means for reducing or eliminating such activity from the cell extract 
is by exposure to one or more proteinase known to inactivate a protein that bind to 
poiyadenylate. These proteinases may be added to the extract or bound to a matrix and 
exposed to the extract, after which inactivation the beads may be removed. A further means 
encompasses addition to the extract of an agent that prevents the interaction between 

10 poiyadenylate and an endogenous macromolecule that binds to poiyadenylate. These and 
other methods embraced by the present invention achieve the desired goal of depleting 
macromolecules that bind poiyadenylate from the cell extract thus allowing the cell extract 
in combination with the target RNA sequence to undergo in vivo-like RNA turnover. One or 
a combination of the aforesaid methods may be employed to reduce the level of such protein 

1 5 to an acceptable limit, dependent upon the source of the cells or tissues from which the 
extract is made, the particular target RNA sequence, and other factors. As will be noted 
below, certain macromolecules that bind to poiyadenylate may be included in particular 
screening assays or other methods employing the system and methods described herein when 
that particular protein or other macromolecule is subject to investigation as described herein. 

20 

In a further embodiment of the invention, the cell extract may be partially purified or 
otherwise manipulated. For example, the cell extract may be partially purified to remove 
certain components before being placed in the system of the invention, before or after being 
optionally depleted of macromolecules that bind poiyadenylate. For example, certain non- 
25 specific factors and/or activities unrelated to of interfering with the methods of the present 



WO 99/61605 PCT/US99/11581 

invention may be removed from the ceil extract. The skilled artisan will recognize for the 
particular target RNA being investigated hereunder the need for partial purification of the 
extract and the need for depletion of factors that bind poiyadenylate. Furthermore, other 
components may be added to ensure that the system of the invention recapitulates regulated 
5 RNA turnover. 



The target RNA sequence in the system of the present invention may be an one of a number 
of RNA or modified RNA molecules. For example, synthetic RNA may be prepared by solid 
phase synthesis, or reproduced by in vitro transcription using phage polymerase as is known 
10 to the skilled artisan. Naturally occurring RNA may be isolated from cells, tissues, and other 
biological sources. The RNA may be a messenger RNA (mRNA), a preferred species herein, 
or RNA-DNA derivatives. Messenger RNA typically comprises a 5' cap and a 3' 
poiyadenylate sequence. Chemically modified RNA, such as RNA modified by 
phosphothioate moiety(ies), is embraced herein. 

15 

The particular RNA, including mRNA, used in the system and methods of the present 
invention may be selected depending on the particular species of mRNA to be studied. 
Investigations of mRNA turnover, endogenous modulators of its turnover and exogenously 
added molecules, particularly small molecules which affect mRNA turnover, have important 

20 therapeutic implications in the prophylaxis and treatment of a variety of conditions and 

diseases. Certain mRNAs are short-lived, such as those of cytokines; others are long-lived, 
such as globin message. The regulation of mRNA lifetimes for particular proteins and 
particular cell types may be subject to various adverse effects, from infection to external 
stimuli, which alter the turnover and hence cellular physiology. In various conditions, 

25 altered expression of cellular proteins and cellular phenotypes may be consequences of 

-27- 



WO 99/61605 PCT/US99/11581 

altered mRNA turnover. Pharmacological intervention of such altered inRNA turnover, to 
restore an altered turnover, or the induction of an altered turnover to achieve a benefit to the 
organism, are achievable based upon the systems and methods described herein. For 
example, a particular mRNA. such as that of the proinflammatory cytokine TNFa. is selected 
5 as a target for identification of small molecule modulators that may decrease the turnover, 
and this prolong the lifetime, and expression, of this protein by inflammatory cells. Such 
modulators may provide substantial benefit in the treatment of certain immunological 
diseases wherein an increased secretion of TNFa is beneficial. Conversely, massive 
overproduction of TNFa in sepsis, or its adverse effects in rheumatoid arthritis and 
10 inflammatory bowel disease may be ameliorated by use of an agent which further increases 
the turnover ands thus decreases the expression of TNFa by inflammatory cells. 



The application of the invention herein to other mRNA species is embraced by the teachings 
herein. In particular, the methods of the present invention facilitate high throughput 
1 5 screening for the identification of modulators of RNA turnover, to be applied to the treatment 
or prophylaxis of disease. 



One aspect of the system and method of the present invention is monitoring the turnover of 
the target RNA sequence. This may be achieved by any one or a combination of various 

20 methods known to the skilled artisan, one of which is the provision of labeled RNA. The 
target RNA sequence of the present may be unlabeled, labeled, or a combination. For 
example, after setting up conditions under which the deadenylation and/or degradation of the 
unlabeled target RNA sequence occurs, its level may be assessed by any of a number of 
methods utilizing a labeled probe, such as by hybridization, or by way of UV absorbance, gel 

25 electrophoresis followed by specific or nonspecific staining, or using an amplification 
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system, such as phage polymerase, and then quantitation by a suitable amplification-based 
technique such as the molecular beacon method. Alternatively, and perhaps more simply, the 
target mRNA sequence may be labeled, and the extent of intact sequence or degraded RNA 
fragments readily quantitated. Labels such as a fluorescent moiety, a visible moiety, a 
5 radioactive moiety, a ligand, and a combination of fluorescent and quenching moieties. 
These non-limiting examples are provided for purposes of illustration only. 



Furthermore, optionally, an RNA molecule or a portion thereof, such as its poIy(A) tail, may 
be detectably labeled using routine protocols readily known to a skilled artisan. Suitable 

10 labels include enzymes, fluorophores (e.g.. fluorescein isothiocyanate (FITC), phycoerythrin 
(PE), Texas red (TR). rhodamine, free or chelated lanthanide series salts, especially Eu 3+ , to 
name a few fluorophores). chromophores. radioisotopes, chelating agents, dyes, colloidal 
gold, latex particles, ligands (e.g.. biotin), and chemiiuminescent agents. When a control 
marker is employed, the same or different labels may be used for the receptor and control 

1 5 marker. 



In the instance where a radioactive label, such as the isotopes 3 H. I4 C, 32 P, :,5 S, 36 C1, 5, Cr, 57 Co, 
58 Co, 5 Te, 90 Y. 125 L m I, and l86 Re are used, known currently available counting procedures 
may be utilized. Particular ribonucleotides bay be prepared using the appropriate isotopes, 
20 and the labeled RNA prepared by solid phase synthesis. Alternatively, moieties comprising 
the isotopes may be covalently bound to the RNA. In the instance where the label is an 
enzyme, detection may be accomplished by any of the presently utilized coiorimetric, 
spectrophotometric. fluorospectrophotometric, amperometric or gasometric techniques 
known in the art. In a further example, biotin moieties may be incorporated into the RNA by 
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any number of means. Subsequently, the biotinyiated RNA or degradation fragments may be 
quantitated by an avidin reagent. 

Direct labels are one example of labels which can be used according to the present invention. 
5 A direct label has been defined as an entity, which in its natural state, is readily visible, either 
to the naked eye, or with the aid of an optical filter and/or applied stimulation, e.g. U.V. light 
to promote fluorescence. Among examples of colored labels, which can be used according to 
the present invention, include metallic sol particles, for example, gold sol particles such as 
those described by Leuvering (U.S. Patent 4.3 13,734); dye sole particles such as described by 

10 Gribnau et al. (U.S. Patent 4.373,932) and May et al. (WO 88/08534): dyed latex such as 
described by May, sitpra^ Snyder (EP-A 0 280 559 and 0 281 327); or dyes encapsulated in 
liposomes as described by Campbell et al. (U.S. Patent 4,703,017). Other direct labels 
include a radionucleotide. a fluorescent moiety or a luminescent moiety. In addition to these 
direct labelling devices, indirect labels comprising enzymes can also be used according to the 

15 present invention. Various types of enzyme linked immunoassays are well known in the art, 
for example, alkaline phosphatase and horseradish peroxidase, lysozyme, glucoses- 
phosphate dehydrogenase, lactate dehydrogenase, urease, these and others have been 
discussed in detail by Eva Engvall in Enzyme Immunoassay ELISA and EMIT in Methods in 
Enzymology, 70. 419-439. 1980 and in U.S. Patent 4.857,453. 

20 

Suitable enzymes include, but are not limited to. alkaline phosphatase and horseradish 
peroxidase. Other labels for use in the invention include magnetic beads or magnetic 
resonance imaging labels. 
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As noted herein, turnover of RNA occurs in two steps: deadenylation, which is not dependent 
upon the presence of nucleotide triphosphates, and degradation, which is so dependent. The 
level of nucleoside triphosphates, including ribonucleotide and/or deoxyribonucleotide 
triphosphates. ATP. IH P. CTP. TTP. and/or GTP. in the cell extract may or may not be 
5 sufficient to permit the degradation aspect of RNA turnover to occur. In one embodiment of 
the present invention, the system described herein additionally comprises exogenously added 
nucleotide triphosphate, preferably ATP. 



It was noted during the development of the present invention that the inclusion of a reaction 
10 enhancer resulted in a slight stimulation in the efficiency of RNA degradation. This is likely 
to be due to its ability to promote macromolecular complex formation in vitro. Therefore, 
the invention herein optionally includes the use of a reaction enhancer such as a polymer, to 
stimulate interaction among the components of the system. Non-limiting examples include 
polyvinyl alcohol, polyvinylpyrrolidone and dextran; polyvinyl alcohol is preferred. 

15 

The above-described system which recapitulates in vitro the RNA turnover of preselected 
RNA sequences has several utilities, in particular, the identification of the role of endogenous 
factors and exogenous modulators in RNA turnover. The present invention is broadly 
directed to a method for identifying an agent capable of modulating the stability of a target 
20 RNA sequence comprising 

(A) preparing the system as described hereinabove; 

(B) introducing said agent into said system: 

(C) determining the extent of turnover of said target RNA sequence: and 

(D) identifying an agent able to modulate the extent of said turnover as capable 
25 of modulating the stability of said target RNA sequence. 
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The above method may additionally comprise added nucleotide triphosphate. 
ATP, for the purposes described above. 
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preferably 



Agents whose activity in modulating RNA turnover may de detected in the aforementioned 
5 method include but is not limited to an RNA stability modifying molecule. 

As described above, the target RNA sequence may be selected as described above, depending 
on the particular RNA to be studied. The target RNA may be unlabeled target RNA 
sequence, labeled target RNA sequence, or the combination thereof. Labels include but are 
10 not limited to a fluorescent moiety, a visible moiety, a radioactive moiety, a ligand, or a 
combination of fluorescent and quenching moieties. 

The monitoring the extent of turnover of said target RNA sequence comprises determining 
the extent of degradation of said labeled target RNA, by the methods described above. 

15 

In particular, the present method may be directed to identifying agents capable of modulating 
the stability of a target RNA sequence which increases the stability of the target RNA 
sequence, or alternatively, decreasing the stability of the RNA sequence. 



20 



In a particular embodiment, the agent is capable of modulating the activity of a AU rich 
element binding protein or a C-rich element, but it is not so limited. Examples of AU rich 
element binding proteins and C-rich element binding proteins are as described herein. 
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In a further embodiment of the present invention, a method is provided for identifying an 
agent capable of modulating the stability of a target RNA sequence in the presence of an 
exogenously added RNA stability modifier comprising 

(a) preparing the system as described hereinabove: 
5 (b) introducing said RNA stability modifier into said system; 

(c) introducing said agent into said system: 

(d) determining the extent of turnover of said target RNA sequence: and 

(e) identifying an agent able to modulate the extent of said turnover as capable 
of modulating the stability of said target RNA sequence in the presence of 

10 said exogenously added RNA stability modifier. 



This aspect of the invention is directed to identifying agents, in particular small molecules, 
capable of affecting the activity of a RNA turnover modulator. As described above, such 
small molecules may be screened to determine their effect on the RNA stabilizing or 

15 destabilizing ability of an endogenous mediator, which is added to the test system. 

Alternatively, it may be used to identify compounds which agonize or antagonize exogenous 
agents. The components of the system, including nucleotide triphosphate, the target RNA, 
labels, are as described above. In one aspect of this embodiment the RNA stability modifier 
increases the stability of said target RNA sequence, and in a further embodiment, the agent 

20 decreases the stability of said target RNA sequence increased by said RNA stability modifier. 
In another embodiment, the RNA stability modifier decreases the stability of said target RNA 
sequence, and in a further embodiment, the agent increases the stability of said target RNA 
sequence decreased by said RNA stability modifier. 
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Candidate series of RNA stability modifiers include the AU rich element binding proteins, 
but the invention is not limited to such factors. Examples of known proteins having such 
elements in the mRNA. and binding proteins to the elements, are described above, however, 
the invention is not limited to these examples. 

5 

Furthermore, in another embodiment, the macromolecuies that bind RNA that are removed 
from the cell extract in accordance with the aforementioned procedures may be added back to 
the system herein to investigate their role in RNA turnover as well as the effect of agents, in 
particular small molecules, on RNA turnover modulated by these macromolecuies that bind 
10 RNA. This embodiment may be applied to any of the methods described herein. In yet 

another embodiment, the target RNA may be loaded with a macromolecule that binds RNA 
prior to addition to the system herein, for the same purposes stated above. 



As noted above, the cell extract used in any of the methods described herein may be partially 
15 purified. 



A method is also provided for identifying an agent capable of modulating the deadenylation 
of a target RNA sequence comprising 

(A) preparing the system of the present invention in the absence of a nucleotide 
20 triphosphate; 

(B) introducing said agent into said system: and 

(C) monitoring the deadenylation of said target RNA sequence in said system. 



25 



A further method is provided for identifying an agent capable of modulating the 
deadenylation and degradation of a target RNA sequence comprising 
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(A) preparing the system of the present invention in the presence of ATP; 

(B) introducing said agent into said system: and 

(C) monitoring the deadenylation and degradation of said target RNA sequence 
in said system. 

5 

Method are aiso provided herein for identifying an agent capable of modulating cell growth 
or cell differentiation in a mammal comprising determining the ability of said agent to 
modulate the stability of a target RNA sequence involved in the modulation of cell growth or 
differentiation, utilizing the aforementioned methods. The agent capable of modulating cell 
10 growth or ceil differentiation may intervene in cellular transformation, or in immune 
dysreguiation. 

A further embodiment of the present invention is directed to a method for identifying, 
characterizing or isolating an endogenous molecule suspected of participating in the 
deadenylation or degradation of RNA or regulation thereof comprising 

(A) providing the system of the present invention as described above; 

(B) introducing said protein suspected of participating in the regulation of RNA 
turnover into said system; 

(C) monitoring the stability of said target RNA sequence in said system; and 

(D) identifying, characterizing or isolating said endogenous molecule able to 
modulate said deadenylation or degradation as capable of participating in the 
deadenylation or degradation of RNA or regulation thereof. 

The molecule suspected of participating in the deadenylation or degradation of RNA or 
25 regulation thereof may be protein or RNA. 
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In another embodiment of the present invention, a method is provided for identifying an 
agent capable of modulating the degradation a target RNA sequence in the absence of 
deadenylation comprising 

(A) providing a cell extract in the presence of a nucleotide triphosphate; 
5 (B) introducing said agent into said cell extract; and 

(C) monitoring the degradation of said target RNA sequence in said extract. 



The present invention is also directed to kits for monitoring the stability of a preselected 
10 target RNA sequence under conditions capable of recapitulating regulated RNA turnover. 
Such kits comprise: 

(a) cell extract optionally depleted of activity of proteins that bind 
polyadenylate; 

(b) other reagents; and 

1 5 (c) directions for use of said kit. 



A kit may further comprising nucleotide triphosphates, a reaction enhancer, a target RNA 
sequence, RNA binding proteins. RNA stability modifiers, or any combination thereof. It 
will be seen by the skilled artisan that the kits of the invention provide the components for 

20 carrying out the various methods disclosed herein, such as identifying agents and endogenous 
factors that modulate RNA turnover, identifying agents which modulate the RNA turnover 
activity of various factors involved in RNA turnover, and others, in particular use in the 
screening of small molecules for identifying potentially useful therapeutic agents for the 
prophylaxis and/or treatment of various conditions or diseases benefitted by modulating 

25 RNA turnover. The kits may be prepared to investigate either RNA deadenylation, RNA 
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degradation, or both, depending on the components as described above. Furthermore, the cell 
extract may be partially purified. The kit may include reagents for depleting activity of 
proteins present in the extract which bind polyadenylate: such reagents, such as 
polyadenylate, polyadenylate bound to a matrix, an antibody to proteins that bind 
5 polyadenylate, and such an antibody bound to a matrix. 

The present invention may be better understood by reference to the following non-limiting 
Examples, which are provided as exemplary of the invention. The following examples are 
presented in order to more fully illustrate the preferred embodiments of the invention. They 
10 should in no way be construed, however, as limiting the broad scope of the invention. 

EXAMPLE I 

ELAV Proteins Stabilize Deadenvlated Intermediates in a Novel In Vitro mRNA 
Deaden vlation/Degradation Svstem 

15 

Set forth herein is a novel in vitro mRNA stability system using Hela cell cytoplasmic SI 00 
extracts and exogenous polyadenylated RN A substrates that reproduces regulated aspects of 
mRNA decay (turnover). The addition of cold poly(A) competitor RNA activated both a 
sequence-specific deadenyiase activity in the extracts as well as a potent. ATP-dependent 

20 ribonucleoiytic activity. The rates of both deadenylation and degradation were up-regulated 
by the presence of a variety of AU-rich elements in the body of substrate RNAs. 
Competition analyses demonstrated that /ram-acting factors were required for RNA 
de-stabilization by AU-rich elements. The -30 kDa ELAV protein, HuR, specifically bound 
to RNAs containing an AU-rich element derived from the TNF-a mRNA in the in vitro 

25 system. Interaction of HuR with AU-rich elements, however, was not associated with RNA 
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destabilization. Interestingly, recombinant ELAV proteins specifically stabilized 
deadenylated intermediates generated from the turnover of AU-rich element-containing 
substrate RNAs. Thus, mammalian ELAV proteins play a role in regulating mRNA stability 
by influencing the access of degradative enzymes to RN A substrates. 

5 

The relative stability of mRNA is an important regulator of gene expression. The half-life of 
a specific mRNA can play a role in determining both its steady state level of expression, as 
well as the rate at which its gene product is induced (reviewed in Ross, 1995; Caponigro and 
Parker. 1996). Furthermore, mutations that affect the stability of mRNAs encoding 

10 regulatory factors can promote oncogenic transformation and immune dysregulation (Aghib 
et aL. 1990; Schiavi et aL 1992). In general, many short-lived proteins, including those 
derived from cytokines and proto-oncogenes. are encoded by short-lived mRNAs. Several 
mRNAs that encode stable proteins, such as a-globin. have also been shown to have 
extraordinarily long half-lives (Holcik and Liebhaber. 1997). In addition, surveillance 

1 5 mechanisms that identify and reduce the half-lives of aberrant mRNAs that contain nonsense 
codon mutations have been described (Maquat. 1995; Jacobson and Peltz, 1996). Therefore, 
regulation of the half-life of mRNAs can have dramatic consequences on cellular responses 
and functional outcomes during growth and development. 



20 Through the application of genetics, the mechanisms and factors involved in the turnover of 
mRNA in Saccharomyces cercvisiae are beginning to be identified. Multiple pathways of 
mRNA turnover are present in yeast, allowing for numerous levels of regulation and 
fine-tuning of gene expression. One general pathway of mRNA decay involves poly(A) tail 
shortening followed by decapping and 5'-to-3* exonucieolytic decay (Muhlrad et al., 1994). 

25 A second general pathway involves deadenylation followed by 3'-to-5' turnover of the body 
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of the mRNA (Anderson and Parker. 1998). Endonucleoiytic cleavage of some mRNAs has 
also been demonstrated (Presutti et aL 1995). Finally, another alternative decay pathway 
that bypasses deadenylation is involved in the translation-dependent degradation of nonsense 
codon-containing mRNAs (Weng et aL, 1997). Several degradation enzymes and regulatory 
5 proteins that play a role in mRNA stability in yeast have been identified (Caponigro and 
Parker, 1996: Weng et aL. 1997). Functionally significant interactions between the cap 
structure and the 3" poly(A) tail of yeast mRNAs have also been described (Tarun and Sachs, 
1 997). Whether these observations are generally applicable to mammalian cells, however, 
remains to be established. 

10 

In vivo observations are beginning to allow some generalizations concerning major pathways 
of mRNA turnover in mammalian ceils. A poly(A) tail of approximately 200 bases is added 
to most mRNAs during processing in the nucleus (Colgan and Manley, 1997), The poly(A) 
tail serves at least two known functions in mRNA stability. First, in association with poly(A) 

15 binding proteins (Bernstein et aL, 1989; Ford et aL, 1997), it protects the mRNA from 

3'-to-5' exonucleases. Second, the poly(A) tail serves as an initiation site for the turnover of 
the mRNA. The poly(A) tail can be progressively shortened throughout the lifetime of a 
mRNA in the cytoplasm. Controlling the rate of deadenylation appears to be an important 
regulatory point in mRNA stability (Wilson and Treisman, 1988; Xu et aL, 1997). Once the 

20 poly(A) tail is shortened to approximately 30-65 bases, the body of the mRNA appears to be 
degraded in a rapid fashion in vivo without the accumulation of discernible intermediates 
(Chen et aL, 1995: Xu et aL, 1997). Little is known, however, concerning the enzymes and 
regulatory components involved in mammalian mRNA turnover. 
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In addition to the poly( A) tail, several cw-acting elements liave been shown to play a role in 
mRNA stability. The 5" terminal cap structure protects the transcript from exonucleases 
(Furuichi et al., 1977). Several destabilizing elements (Caput et aL 1986; Shyu et aL, 1989; 
Bonnieu et al.. 1990: Peng et aL 1996). as well as stabilizing elements (Stefonovic et a!., 
5 1997), located in the body of the mRNA have also been identified. One well-characterized 
element that regulates mRNA stability is an AU-rich sequence (ARE) found in the 3' 
untranslated region of many short-lived mRNAs (Shaw and Kamen. 1986). These AREs 
primarily consist of AUUUA repeats or a related nonameric sequence (Lagnado et al., 1994; 
Zubiaga et aL 1995: Xu et aL. 1997) and have been divided into three classes based on 
10 sequence characteristics and degradation kinetics (Xu et al.. 1997). In general. AREs have 
been shown to increase the rate of deadenylation and RNA turnover in a 
translation-independent fashion (Chen et al.. 1995; Fan et al.. 1997). The underlying 
mechanism behind ARE function, however, remains to be determined. 



1 5 Numerous proteins have been described that can bind in vitro to AU-rich elements (e.g. 

Maker, 1989: Vakalopoulou et al.. 1991: Bohjanen et al., 1991; Brewer, 1991 ; Levine et al., 
1993: Hamilton et aL 1 993; Katz et aL 1 994; Nakagawa et al., 1 995: Ma et aL, 1996), but 
the exact role of each factor in the process of mRNA turnover remains to be defined. The 
ELAV family of ARE-binding proteins is evolutionary conserved and differentially 

20 expressed in tissues throughout the development of vertebrates (reviewed in Antic and 
Keene, 1997). Although ELAV proteins have been found in both the cytoplasm and the 
nucleus (Gao and Keene. 1996), the most ubiquitously expressed form, HuR, can shuttle 
between the nucleus and the cytoplasm (Fan and Steitz. 1998: Peng et aL, 1998; Atasoy et aL 
1998). ELAV proteins play an important role in growth and development, as the Drosophila 

25 homoiog is genetically essential for development and maintenance of the nervous system 
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(Campos et aL, 1985: Robinow and White. 1988). In addition, mammalian ELAV proteins 
are induced during differentiation and are distributed in RNP granules along dendrites (Gao 
and Keene. 1996). Several lines of evidence suggest that ELAV proteins control aspects of 
post-transcriptional gene expression (Gao and Keene. 1996: Koushika et aL. 1996: Myer et 
5 aL, 1997: Ma et aL, 1997: Antic and Keene. 1998). Over-expression of ELAV family 

members, for example, has been shown to affect accumulation of selected mRNAs (Jain et 
aL, 1997: Levy et aL, 1998; Fan and Steitz. 1998; Peng et aL. 1998). The precise role of 
ELAV proteins and other ARE-binding factors, however, remains to be established. 



10 IVlechanistic questions in mammalian cells are usually best approached using biochemical 
systems due to the inherent difficulties with mammalian cells as a genetic system. It has 
been difficult, however, to establish a versatile in vitro system to study mRNA stability and 
turnover. Based on in vivo observations and practical considerations, an optimal in vitro 
system to study the process of mRNA stability should have the following properties: First. 

15 the system should be efficient and highly reproducible. Second, minimal amounts 

(preferably undetectable) of RNA degradation in the system should be due to random 
degradation by non-specific contaminating ribonucleases. Third, deadenylation should occur 
before general degradation of the mRNA body is observed. Fourth, degradation of the 
mRNA body should occur in an apparently highly processive fashion without detectable 

20 intermediates. Fifth, regulation of the rate of overall deadenylation and degradation should 
be observed in a sequence-specific manner. Finally, the system should work on exogenous 
RNAs to allow ease of experimental manipulation. 



25 



Reported herein is the discovery of a new and useful in vitro mRNA stability system using 
cytoplasmic SI 00 extracts that fulfills all of the criteria listed above and possesses all of the 
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properties known to be involved in ARE-mediated mRNA turnover. This system has been 
successfully used to demonstrate a role for the AU-rich element binding proteins of the 
ELAV family in mRNA stability. These findings indicate that ELAV proteins can affect a 
default pathway of ARE-mediated degradation by either protecting the mRNA from nuclease 
5 attack or by displacing factors that otherwise mark these short-lived transcripts for 

degradation. This in vitro system allows the identification of cellular factors involved in 
mRNA turnover and help elucidate mechanisms involved in the post-transcriptional 
regulation of gene expression. 

10 Moreover, the in vitro system of the invention has ready applications in high throughput 

assays to screen libraries of compounds to elucidate which compounds may have applications 
as pharmaceuticals which can modulate the stability and turnover of RNA transcripts in vivo, 
and thus be used to treat a wide variety of disease or disorders. 

15 i. Development of an In vitro System that Deadenvlates and Degrades RNA Substrates 

The development of an in vitro system to study mRNA turnover requires the generation of a 
convenient source of poly(A) + RNA substrate and an active cellular extract. In order to 
obtain substrate RNAs that were both polyadenylated and easy to identify using standard 

20 acrylamide gel technology, a novel and versatile ligation-PCR approach that can attach a 

template encoding a 60 base poly(A) tail to the T end of DNA fragments that contain a Hind 
ill site was used, and is described infra. In initial studies to develop an in vitro RNA 
stability system, a 60 base poly(A) tail was attached to a 54 base polylinker-derived sequence 
(Gem-A60). The small size of this polyadenylated transcript made it easy to analyze 

25 intermediates in the pathway of RNA turnover on acrylamide gels. Cellular extracts were 
prepared following a standard cytoplasmic SI 00 protocol (Dignam et aL 1983) using 
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hypotonically lysed Hela spinner ceils with minor variations as described in the Materials 
and Methods. 



Gem-A60 RNA was incubated in SI 00 extracts in the presence of ATP. As seen in Fig. 1 A 
5 (left panel), very little turnover of the Gem-A60 RNA was noted after 60 minutes of 
incubation. This reproducible slow rate of turnover prompted us to hypothesize that an 
inhibitor of the deadenylation/degradation process might be present in SI 00 extracts. This 
hypothesis was based on several observations. First, previous work with nuclear extracts 
determined that poly(A) binding proteins were strong inhibitors of a 3*-to-5" exonuclease 

10 activity (Ford et al.. 1997). Second, the activity of a partially purified mammalian 

deadenylase preparation was inhibited by high amounts of PABP (Korner and Wahle, 1997). 
Third, over-expression of PABP in Xenopus oocytes inhibits maturation-specific 
deadenylation (Wormington et al.. 1 996). In order to test whether excess amounts of poly(A) 
binding proteins were responsible for inhibiting the deadenylation of Gem-A60 RNA in SI 00 

15 extracts, increasing amounts of cold poiy(A) competitor RNA were added to the reaction 

mixtures to sequester poly(A) binding proteins. As shown in Fig 1 A (right side), the addition 
of poly(A) competitor activated a degradation activity in the SI 00 extracts. The Gem-A60 
RNA was shortened to a species slightly larger than the size of a deadenylated marker 
(Gem-AO) and approximately 30% of the input RNA was degraded. Titration experiments 

20 performed in coordination with UV cross-linking studies demonstrated that the amount of 
poly(A) competitor RNA required to activate the SI 00 extract precisely corresponded with 
the ability of the competitor to inhibit binding of proteins to the poly(A) tail of the substrate 
RNA (data not shown). Furthermore, the nucleolytic activities activated by the addition of 
cold poly(A) RNA as competitor to the S 1 00 extracts were still observable at concentrations 
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of poly(A) >500 ng. These data suggest that the activated nuciease(s) is highly refractory to 
competition by poiy(A). 

The progressive shortening of the Gem-A60 RNA substrate observed upon incubation in 
5 SI 00 extract supplemented with poiy(A) competitor RNA was determined to be due to a 
3 ? -to-5\ poly(A) tail-specific exonuclease based on the following observations: First RNA 
substrates 32 P-labeled exclusively at their 5* cap structures were progressively shortened in 
the system in a similar fashion as uniformly labeled transcripts (compare Figs. 1 A and IB). 
These data suggest that the shortening of the input RNA occurred in a 3'-to-5* direction. 

10 This conclusion was confirmed by separately analyzing the 5* and 3' portions of RNA 

products from the in vitro system by RNAse H digestion prior to gel electrophoresis. As 
shown in Fig. 1C, the 3* portion of the substrate RNA (which consists primarily of the 60 
base poly(A) tail) was clearly being degraded before any turnover of the 5' portion of the 
transcript was detected. After 9 minutes of incubation, 72% of the 3' fragment containing 

15 the poly(A) tail is degraded, while only 1 9% of the 5" fragment has been turned over. 
Finally, in order to ascertain whether this 3"-to-5 ? exonuclease activity was indeed a 
poly(A)-specific deadenylase. we added 15 bases of non-adenylate sequence onto the 3' end 
of the Gem-A60 RNA (Gem-A60- 1 5). As seen in Fig. 1 D, while the Gem-A60 transcript 
(which contains a 3' poly(A) tail) is an excellent substrate for the 3" exonuclease activity, the 

20 Gem-A60-15 RNA, which has its poly(A) tract internalized 15 bases, was not. 

From these data it has been concluded that the addition of poly(A) competitor RNA to an 
SI 00 extract activates a deadenylase which is active on exogenous, poly(A)+ substrate 
RNAs. The in vitro system reproduces several aspects of mRNA stability observed in vivo. 
25 The surprising observation that the deadenylase itself is not apparently inhibited by cold 
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poly(A) suggests that the native enzyme may not have high affinity for its substrate. The 
deadenylase activity may contain additional RNA binding activities that anchor it to mRNAs, 
perhaps as part of a multi-component complex. 

5 ii. RNA turnover in the in vitro svstem is regulated by A U -rich instability elements. 
It was determined whether the RIM A turnover activities exhibited by the SI 00 extract system 
could be influenced or modulated by sequences in the body of the transcript in a specific 
manner. The relative stability of small polyadenylated RNAs containing either a 54 base 
polylinker sequence (Gem-A60), a 34 base AU-rich element (ARE) from TNF-a mRNA 

10 (ARE-A60), or a 72 base ARE from the c-fos mRNA (Fos-A60) was determined in the in 
vitro stability system. As shown in Figs. 2 A and 2B, the turnover of both of the 
ARE-containing RNAs was dramatically increased compared to the Gem-A60 control 
transcript. To directly assess whether regulation by AREs was occurring in a 
sequence-specific fashion, the TNF-a-ARE was extensively mutated as described in 

15 Materials and Methods. Similar mutations in AU-rich instability elements were shown 

previously to greatly increase mRNA half-life in vivo (Myer et al., 1997). As seen in Fig 2C, 
mutations in the ARE reduced the rate and extent of deadenylation /degradation over 3-fold 
in the in vitro system. Thus. RNA turnover in the in vitro system can be regulated or 
modulated by AU-rich instability elements in a sequence-specific fashion. 

20 

All of the RNA substrates we have examined above contain a body of approximately 50-70 
bases attached to a poly(A) tail. It was then determined whether regulated turnover using 
larger polyadenylated RNA substrates could be detected in the system of the invention. As 
shown in Fig. 2D, a polyadenylated 250 base RNA derived from the 3' UTR of the SV40 late 
25 mRNA (SV-A60) was deadenylated but inefficiently degraded in the in vitro system. Adding 
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the TNF-a-ARE to the 3* portion of this RNA (SVARE-A60) resulted in an approximate 3.5 
fold increase in the rate of turnover. Finally, a nearly full length (-950 base) version of the 
human GM-CSF niRNA was prepared, as well as one in which the ARE was deleted 
(GM-CSF(-ARE)). The 3* ends of these transcripts were poiyadenylated using yeast poIy(A) 
5 polymerase (Martin and Keller. 1998). Gel purified RNAs were incubated in the in vitro 
stability system and aliquots were removed at the times indicated. As seen in Fig 2E„ the 
version of the GM-CSF mRNA that contains an ARE was approximately 2.5 fold less stable 
than GM-CSF(-ARE) in the in vitro system. As seen above with other transcripts, the 
GM-CSF transcripts were also deadenylated in the system. Deadenyiation was not 
10 observable in Fig 2E due to the lack of resolution of the gel system employed, but can be 
observed using formaldehyde-agarose gels (data not shown). 

iii. Degradation, but not deadenyiation. requires ATP 

Transcripts with 60 adenylates at the 3* end were observed to undergo both deadenyiation 
15 and turnover in the in vitro system. This is consistent with in vivo observations that suggest 
the poly(A) tail is shortened to about 30-65 bases before mRNA turnover is observed (Xu et 
aL 1997). Since degradation appeared to begin before the input transcript was completely 
deadenylated (eg. Fig. 2), it was difficult to quantitatively assess the effects of AU-rich 
elements on relative deadenyiation rates. In order to try uncoupling these processes and 
20 accurately evaluate the effect of AREs on deadenyiation rates in the in vitro system, we 

surveyed the cofactor requirements that might be unique to either deadenyiation or turnover. 
Both processes were inhibited by the addition of EDTA (data not shown), suggesting a role 
for divalent cations. Curiously, deadenyiation could occur without the addition of 
ATP/phosphocreatine to the system (Fig. 3 A). Degradation, on the other hand, required 
25 ATP/phosphocreatine as indicated by the accumulation of deadenylated intermediates in its 
absence (Fig. 3A, lanes -ATP). By omitting ATP from the reaction, therefore, we were able 
to evaluate relative deadenyiation rates in the presence or absence of an AU-rich instability 
element. RNAs with physiological length poly(A) tails ( 1 50-200 bases) which lack 
(SV-A 150-200) or contain (SVARE-A1 50-200) an ARE were incubated in the in vitro 
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system and aliquots were analyzed at the times indicated. As seen in Fig. 3B, RNA 
substrates containing an ARE were deadenylated at an approximately two fold faster rate 
than RNAs that do not contain the instability element. 

5 In summary, an in vitro mRNA stability system has been discovered that acts on exogenous 
substrates and faithfully reproduces all of the known in vivo aspects of turnover. RNAs are 
first deadenylated prior to degradation of the body of the transcript. Degradation of the body 
of the mRNA then occurs in an apparently highly processive fashion with no discernible 
intermediates. Deadenylation and decay rates are increased several fold by the inclusion of 
10 an AU-rich instability element. ARE regulation of RNA stability is sequence-specific and 

highly reproducible, as all three of the AREs we have tested in the in vitro system function in 
a similar fashion. This system should provide a valuable means to elucidate mechanistic 
aspects of regulated and general mRNA turnover pathways. 

15 iv. The role of ARE binding proteins in the in vitro system. 

The in vitro system described here allows evaluation of the role of ARE-binding proteins in 
the process of RNA deadenylation/degradation. Several proteins were found to be associated 
with ARE-containing RNAs in our extracts. As seen in Fig. 4A. a protein of -30 kDa and a 
group of -40 kDa proteins were specifically UV cross-linked to the short ARE-A60 

20 transcript. A species of approximately 70 kDa was also detected when this ARE was inserted 
into a larger transcript (SVARE-A60; see Fig. 5B). It is possible that this 70 kDa protein was 
not detected on the ARE-A60 RNA because of the relatively small size of the transcript. 
Efforts to determine the identity of these cross linked species using available antibodies to 
known ARE-binding proteins revealed the presence of an ELAV protein. As shown in Fig. 

25 4B, immunoprecipitation assays identified the 30 kDa protein as HuR (a.k.a. HuA), a 
member of the ELAV protein family that is ubiquitously expressed in all tissues (Good, 
1995; Ma et al., 1996: Myer et al., 1997). Antisera against another RNA-binding protein of 
approximately 30 kDa. hnRNP Al. failed to detect any cross linked protein in our system 
(Fig. 4B). Two additional antisera were tested in order to identify the 40 kDa band. 

30 Antibodies to hnRNP C protein failed to detect any cross linked protein . while antisera to 
AUF-1 (a.k.a. hnRNP D)(Brewer. 1991) did precipitate a small amount of cross linked 40 
kDa protein (data not shown ). However, this cross linked product was not competed by 
increasing amounts of a 34 base synthetic ARE competitor RNA (data not shown). The 
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significance of this low level of non-specific AUF-1 cross linking in the system is unclear. It 
was concluded that the 30 kDa species that specifically cross links to the ARE element is 
HuR. a protein that has been previously suggested to play a role in ARE-mediated mRNA 
decay (Vakaloloupou et al, 1 991 ; Antic and Keene. 19 c )7: Myer et aL. 1997). 

5 

Next it was determined whether the interaction of the cross linked ARE binding proteins 
with the element was required to mediate instability. Synthetic ribonucleotides containing 
either a 34 base TNF-a ARE or randomly chosen, non-ARE sequences were used. Synthetic 
competitor RNAs were added in increasing amounts to the in vitro stability system and their 

10 effect on RNA turnover was assessed. As seen in Fig. 5 A. the ARE competitor RNA 

completely inhibited deadenylation and degradation at 40 pm, while the non-specific RNA 
had no effect at similar concentrations. The ARE competitor RNA had a similar effect on the 
deadenylation/degradation of RNAs whether or not they contained an ARE. Thus, factors 
capable of interacting with AREs are important for deadenylation. and may be a part of a 

1 5 multi-protein deadenylase/degradation complex. 

The ability of the synthetic ARE competitor RNA to block deadenylation was compared with 
the ability of the RNA to compete for interaction of ARE-binding proteins with the substrate 
transcript. EDTA was added to cross-linking assays to inhibit RNA turnover and to evaluate 

20 the effect of various levels of competitor on cross-iinking/label transfer efficiency. As 
shown in Fig. 5B. all ARE-binding proteins (including HuR protein that could be 
immunoprecipitated using specific antisera prior to gel electrophoresis as shown in panel C) 
were specifically competed from the SV-ARE-A60 RNA substrates upon addition of 5 pm of 
the synthetic RNA competitor. As shown in Fig. 5 A, however. 5 pm of synthetic ARE 

25 competitor RNA failed to have an appreciable effect on the rate of RNA 

deadenylation/degradation in the system. Hence, none of the ARE-binding proteins that 
could be detected by cross-linking appear to be required for deadenylation/degradation in the 
in vitro system. 



30 v. ELAV proteins prevent degradation of deadenvlated transcripts in the in vitro 

system 

Since the ARE binding proteins we detected by cross-linking do not appear to be required for 
deadenylation/degradation. they may play a role in transcript stability. Consistent with this 
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model, recent in vivo data suggest that overexpression of Hel-N 1 and HuR proteins can 
stabilize ARE-containing transcripts (Jain et aL 1997: Fan and Steitz. 1998; Peng et ah, 
1998). A mouse recombinant HuR protein, as well as other members of the ELAV family 
(Hel-N 1 and Hel-N2 [a. La. HuB]) were produced as GST fusion proteins and added these to 
5 the in vitro stability system at a 1 0: 1 molar ratio to substrate RN A. Similar data were 
obtained using any of the three recombinant ELAV family proteins, and only data with 
rHei-Nl is shown. As seen in Fig. 6A, rHel-Nl protein failed to affect deadenylation of the 
SVARE-A60 RNA substrate in the in vitro system, but stabilized a deadenylated 
intermediate. GST alone, or another GST-fusion protein that binds RNA (hnRNP H') had no 
10 effect on transcript stability in the in vitro system (Fig. 6B). As a result it was concluded 
that the ELAV family of RNA binding proteins function to protect deadenylated transcripts 
from the degradation enzymes. 

Next, it was tested whether the RNA substrate must contain an ARE in order for rELAV 
15 proteins to stabilize a deadenylated intermediate in the in vitro system. ARE-A60 RNA, or 
an unrelated but similarly sized and polyadenylated transcript, CX-A60. were incubated in 
the in vitro system in the presence or absence of rELAV proteins. As seen in Fig. 6C, 
rHelNl (or other rELAV proteins [data not shown]) stabilized the deadenylated intermediate 
only from RNAs that contain an ARE binding site. Thus, the stabilization of deadenylated 
20 intermediates by ELAV proteins requires an ARE. Furthermore, ELAV proteins can 

stabilize a deadenylated intermediate whether the ARE is located at the 3', 5' or central 
positions of the 250 base SVARE-A60 RNA. These data indicate that the ARE-ELAV 
protein complex probably is not simply preventing turnover through steric blocking of an end 
of the transcript, thereby preventing exonuclease access. 

25 

Set forth herein is a novel and useful in vitro RNA stability system that faithfully reproduces 
many known aspects of in vivo mRN A turnover in mammalian cells. Exogenous RNA 
substrates are deadenylated before degradation of the RNA body occurs in an apparently 
highly processive fashion without detectable intermediates. Furthermore, the rates of RNA 
30 deadenylation and degradation are regulated by AU-rich elements in the system in a 
sequence-specific manner. The system of the invention has been successfully used to 
determine a role for the ELAV family of ARE binding proteins in the stability of 
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deadenylated transcripts by specifically blocking the degradation step. These data illustrate 
the value of the system to address the mechanism of regulated mRNA turnover. 

The in vitro system described in this report has several key technical advantages that 
5 significantly increase its utility. First, the system is highly reproducible and uses standard 
SI 00 cytoplasmic extracts from Hela spinner cells. In fact, nine independent preparations of 
S 100 extract that all function in the assay in a similar fashion have been tested. The only 
difference among extracts appears to be in the kinetics of turnover (e.g. compare the slight 
differences in the pattern of turnover of Gem-A60 RNA in Fig. 1 A with the pattern observed 

10 in Fig. ID). Second, the extracts exhibit minimal background degradation of RNA due to 
non-specific nucleases. This lack of noise in the system significantly contributes to its 
reproducibility. Another key element of the system is that is uses exogenous polyadenylated 
RNAs as substrates. This property affords variety in RNA substrate preparation and 
sequence manipulation. Fourth, the system exhibits sequence-specific regulation by AU-rich 

15 elements in the absence of translation. In total, these technical advantages make the system a 
valuable reagent to identify components involved in mRNA turnover and address the 
mechanism of regulated mRNA stability. 

The addition of poly(A) competitor RNA was required to activate SI 00 extracts to efficiently 
20 deadenylate and degrade RNAs in a regulated manner. Titration of cold poly(A) 

demonstrated that the extracts became activated for deadenylation/degradation when 
sufficient competitor was added to substantially reduce cross linking of a 70 kDa poIy(A) 
binding protein to the poly(A) tail of the radiolabeled substrate RNA (data not shown). 

25 Surprisingly, the deadenylation in the extracts remain active even in the presence of >500 ng 
of poly(A). Commercial poly(A) preparations prepared with polynucleotide phosphoryiase, 
therefore, do not appear to be able to interact with and sequester the deadenylase enzyme. 
These data suggest that the deadenylase activity is either in extraordinary concentrations in 
the extracts or may not have a strong affinity for its substrate. In conjunction with this, it has 

30 been observed that an increase in deadenylation rate of ARE containing RNAs (Figs. 2 and 
3). as well as the ability of the ARE competitor RNA to inhibit deadenylation of non-ARE 
containing substrates. These data suggest that ARE-binding proteins may be associated with 
the deadenylase activity. 
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Moreover, HuR protein, a ubiquitously expressed member of the ELAV family of RNA 
binding proteins (Good. 1995: Ma et ah, 1996; Myer et aL 1 997; Antic and Keene, 1997), 
has been identified as one of the major ARE binding factors in the system of the invention. 
5 Also, the system of the invention has been successfully used to detect weak binding to 

AUF-1 (hnRNP D), a protein previously speculated to be involved in regulated mRNA decay 
in vitro (DeMaria and Brewer, 1 996). AUF- 1 . therefore, does not appear to play a 
significant role in transcript instability in our system. ELAV proteins are not required for 
deadenylation/degradation, but rather play a role in the stability of deadenylated RNAs that 
10 contain an ARE (Fig. 6). These data suggest that in addition to its effect on deadenyiation 

rates (Chen et aL 1995; Xu et aL 1 997), the ARE influences the efficiency of turnover of the 
body of the mRNA. /// vivo observations (Chen et aL 1995; Xu et aL 1997; Peng et aL, 
1998) also support the conclusion that ARE influences mRNA degradation rates. 

15 ELAV proteins, therefore, appear to regulate mRNA stability in vitro, an observation 

consistent with in vivo transfection studies. The ELAV family comprises four members, 
three of which are expressed in a tissue or developmental specific manner (reviewed in Antic 
and Keene, 1997). Tissue-specific ELAV proteins are also localized primarily to the 
cytoplasm, while the ubiquitous HuR protein is predominantly nuclear and can redistribute to 

20 the cytoplasm (Atasoy et al., 1998; Peng et aL, 1998; Fan and Steitz, 1998). It has been 

suggested that differentially expressed ELAV proteins play a role in regulating the stability 
of both nuclear and cytoplasmic RNA, thereby fine tuning gene expression in specific 
developmental states (Gao and Keene. 1996; Antic and Keene. 1998). 

25 The competition data shown in Fig. 5 clearly demonstrate that factors associated with the 

ARE are required for deadenylation/degradation of substrate RNAs. Based on the kinetics of 
competition, these factors must either be much more abundant than the cross-linkable ARE 
binding proteins like HuR. or interact with the ARE with a much lower affinity. We favor 
the latter model, and suggest that these factors are pan of a multi-component complex that 

30 includes the deadenylase and degradation enzymes. Through multiple cooperative 

interactions, these weak ARE binding components may allow efficient assembly of the 
deadenylase/degradation complex on ARE containing transcripts while still allowing the 
complex to assemble, albeit less effectively, on non-ARE containing RNAs. The RNA 
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binding components of this proposed complex also may have affinity for other non-ARE 
instability elements (e.g. Peng et aL 1996). 

The observation that endogenous HuR protein in SI 00 extracts set forth herein can be 
5 cross-iinked to ARE-containing RNA substrates (Fig. 5) makes it surprising that an ARE can 
function as a destablizing element in the in vitro assay. Since HuR protein is predominantly 
nuclear, however, only low levels of the protein are likely to be present in our cytoplasmic 
extracts. This low level of HuR protein is probably unable to efficiently compete with 
destablizing factors for binding to the ARE. In fact, sequestration of the HuR protein by the 

10 addition of low levels of synthetic ARE competitor RNA does lead to an increased rate of 
turnover of ARE-containing RNAs in the in vitro system. As shown in Fig. 5 A. the amount 
of SVARE-A60 RNA remaining after 30 min. in the system in the absence of competitor 
RNA (lane 0) is approximately 20% greater than when the assay is done in the presence of 5 
pm of ARE competitor RNA (lane 5 pm). The removal or sequestration of HuR protein in 

15 SI 00 extracts, therefore, may be necessary in order to observe regulated deadenylation and 
degradation in some instances. 

Materials and Methods 

20 Transcription templates and RNAs 

RNAs were produced by in vitro transcription using SP6 polymerase (Melton et aL 1984) in 
the presence of 7m GpppG cap analog and radiolabeled UTP or ATP as indicated. All 
transcripts were gel purified prior to use. For RNAs labeled exclusively at the 5' cap, 
transcription reactions were performed in the absence of cap analog and radioactive 

25 nucleotides. Capping was then performed using guanyltransferase (BRL) and radiolabled 
GTP according to the manufacturer s recommendations. The sequence of short RNAs used 
as substrates in the in vitro system is shown in Table 1 . 

Transcription templates were derived as follows (Please note that all synthetic 
30 oligonucleotides used as transcription templates shown below contain a 24 base SP6 

promoter fragment at their 5* ends): Gem-AO RNA was produced from Hind III cut pGem4 
(Promega). Gem-A60- 1 5 RNA was produced from the PCR product used to produce 
Gem-A60 RNA (see below) without removing the primer binding site with Ssp I. Templates 
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for ARE-AO RNA were generated by hybridizing the synthetic oligonucleotide 
5 '-ATTTAGGTGACACTATAGAATACACATTATTTATTATTTATTTATTATTTATTTA 
TTTA-3 ' (SEQ ID NO: I ) and its appropriate complement. Templates for MT-ARE-AO RNA 
were generated by hybridizing the synthetic oligonucleotide 
5 S'-ATTTAGGTGACACTATAGAATACACGTTAGTATTCATTTGTTTACTATTGATTTC 
TTTA-3' (SEQ ID NO:2) and its appropriate complement. Templates for Fos-AO RNA were 
generated by hybridizing the synthetic oligonucleotide 

5"-ATTTAGGTGACACTATAGAATACACAAATTTTATTGTGTTTTTAATTTATTTATT 
AAG ATGGATTCTC-3 * (SEQ ID NO:3) and its appropriate complement. The template for 

10 SV-AO RNA was Hind III cut pSVL-Gem (Wilusz et aL 1988). Templates for SVARE-AO 
RNA were generated by inserting the TNF-a ARE containing oligonucleotide 
5*-ATTATTTATTATTTATTTATTATTTATTATTTA (SEQ ID NO:4) and its appropriate 
complement between the PstI and Hind III sites of pSVL-Gem (located near the 3" end of the 
RNA). SVARE-AO RNA was transcribed from Hind III linearized DNA. The template for 

1 5 GM-CSF (+ARE) RNA was EcoRI cut pGM-CSF (Shaw and Kamen. 1986). The template 
for GM-CSF (-ARE) RNA was Ncol cut pGM-CSF. Templates for CX-AO RNA were 
generated by hybridizing the synthetic oligonucleotide 

5 ? -ATTTAGGTGACACTATAGAATACACCCCAACGGGCCCTCCCTCCCCTCCTTGCA 
CCATCATCGCATCACG (SEQ ID NO:5) and its appropriate complement. 

20 

Synthetic RNAs used in competition studies were made by the NJMS Molecular Core 
Facility and contained the following sequences: ARE: 

5'AUUAUUUAUUAUUUAUUUAUUAUUUAUUUAUUUA (SEQ IDNO:6): 
Non-specific competitor: S^-GUCACGUGUCACC (SEQ ID NO:7). 

25 

Addition of Poly(A) tails to transcripts 

A template for a 60 base poly(A) tail was added to DNA templates using a ligation/PCR 
protocol have recently been described (Ford et al., 1997). Briefly, all of the templates 
described above contain a Hind III site that is used to generate the 3' end of the RNA. The 
30 synthetic oligonucleotide 5'-AGCTA 60 TATTGAGGTGCTCGAGGT (SEQ ID NO:8) and its 
appropriate complement were generated, hybridized, and ligated to Hind III cut DNA 
templates. Ligation products were amplified using an SP6 promoter primer 
(5'-CATACGATTTAGGTGACACTATAG (SEQ ID NO:9)) and a primer specific for the 3' 
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end of the ligated oligonucleotide (5"-ACCTCGAGCACCTC (SEQ ID NO: 10)). Amplified 
products were purified on Centricon 1 00 columns, cut with Ssph and used as templates for 
SP6 polymerase generate RNAs carrying the fc A60' designation. 
Poly(A) polymerase ( Amersham) was used to add 150-200 base poly(A) tails onto 
5 transcripts. RNAs were incubated with enzyme according to the manufacturer's 

recommendations on ice for 5-8 min. Following the reaction, RNAs were extracted with 
phenol-chloroform, ethanol precipitated, and purified on 5% acrylamide gels containing 7M 
urea to obtain RNAs with the appropriate amount of poiy(A) at the 3' end. 

1 0 S 1 00 extract production 

Cytoplasmic extracts were prepared from Hela spinner cells grown in JMEM supplemented 
with 1 0% horse serum as described by Dignam et al ( l c )83) with the following two 
modifications. First, following centrifugation at 100.000 x g for 1 hr. the supernatant was 
adjusted to 1 0% glycerol prior to dialysis. Second, dialysis times were shortened to 30 min. 

1 5 Extracts were stored at -80°C. 

In vitro RNA deadenvlation/degradation system 

Typically, approximately 200,000 cpm (—50 fm) of gel purified RNA is used per reaction. In 
comparative studies, equal molar amounts of transcripts were used. A typical 14.25 u4 

20 reaction mixture contains 3.25 u.1 of 10% polyvinyl alcohoL 1 u.1 of a 12.5 mM ATP/ 250 

mM phosphocreatine mixture. 1 u.1 of 500 ng/ul poly(A) (Pharmacia), 1 u.1 of RNA and 8 u.1 
of dialyzed extract. Reactions were incubated at 30° C for the times indicated and stopped 
by the addition of 400 ul of stop buffer (400 mM NaCL 25 mM Tris-Cl, pH 7.6. 0.1% SDS). 
Reaction mixtures were phenol extracted, ethanol precipitated and analyzed on a 5% 

25 acrylamide gel containing 7M urea. All quantitation was performed using a Molecular 
Dynamics Phosphorimager. 

Recombinant ELAV proteins (HuR, Hel-N 1 and Hel-N2) were made as GST- fusion proteins 
in E. coli and purified using glutathione-sepharose affinity chromatography according to the 
30 manufacturer's recommendations (Levine et al. 1993). 

RNase H digestion 
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ARE-A60 RNA, radiolabeled at A residues, was incubated in the in vitro stability system for 
the times indicated. RN A products were phenol extracted and concentrated by ethanol 
precipitation. The sample was resuspended in a final volume of 30 u.1 containing 20 mM 
Tris-CL pH 8.0. 100 mM Nad. 10 mM MgCi 2 , 1 mM DTT. 100 picomoles of the antisense 
5 oligonucleotide 5"-AGTTAAATAAAT (SEQ ID NO: 1 1 ), and 1 unit of RNase H. Reactions 
were incubated at 37°C for 30 min. and products were analyzed on a 5% acryiamide gel 
containing 7 M urea. 

UV Cross linking and Immunoprecipitations 
10 UV cross linking/label transfer experiments were performed as described previously using a 
Sylvania G15T8 germicidal light (Wilusz and Shenk, 1988). Cross linking experiments were 
done in the presence of 25 mM EDTA to inhibit RNA turnover to allow for accurate 
comparisons between samples. Following digestion with RNAses A. Tl and T2, cross linked 
proteins were analyzed on 10% acryiamide gels containing SDS. 

15 

For immunoprecipitation analysis following UV cross linking and RNAse treatment 300 \i\ 
of RIPA buffer (0.1 5M Nad, 1% NP-40. 0.5% deoxycholate, 0.1% SDS and 50 mM Tris-Cl, 
pH 7.6) was added to samples. Following a brief centrifugation in a microfuge, precleared 
samples were incubated on ice with antibodies for 1 hr. Antigen-antibody complexes were 
20 collected using formalin fixed, washed protein- A positive S. aureus cells, washed five times 
using RIPA buffer, and analyzed on a 10% acryiamide gel containing SDS. Antibodies 
specific for GRSF (Qian and Wilusz, 1994) and hnRNP Al (Wilusz and Shenk, 1990) have 
been described previously. The preparation and characterization of rabbit polyclonal 
antibodies specific for HuR will be described elsewhere (Atasoy et al., 1998). 

25 
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WHAT IS CLAIMED IS: 



1 1 . An in vitro system capable of recapitulating regulated RNA turnover of an exogenously 

2 added preselected target RNA sequence comprising a cell extract and said target RNA 

3 sequence. 

1 2. The system of claim 1 wherein said regulated RNA turnover is selected from the group 

2 consisting of AU-rich element regulated RNA turnover and C-rich element regulated 

3 turnover. 

1 3. The system of claim 1 wherein said cell extract is isolated from lysed eukaryotic cells or 

2 tissues. 

1 4. The system of claim 3 wherein said cell extract is obtained from a cell line selected from 

2 the group consisting of HeLa cells and a T cell line. 

1 5. The system of claim 1 wherein said cell extract is prepared from cells comprising 

2 foreign nucleic acid. 

1 6. The system of claim 1 wherein said cell extract is prepared from cells which are infected, 

2 stably transfected, or transiently transfected. 

1 7. The system of claim 1 wherein said cell extract is partially purified. 

8. The system of claim i wherein said cell extract is depleted of activity of proteins that 
bind polyadenylate. 

1 9. The system of claim 8 wherein said cell extract depleted of activity of proteins that bind 

2 polyadenylate is prepared by a method selected from the group consisting of: 

3 (a) addition to said system of polyadenylate competitor RNA; 

4 (b) sequestration of proteins that bind polyadenylate; 

5 (c) addition of a proteinase that inactivates a protein that bind to polyadenylate; and 
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6 (d) addition of an agent that prevents the interaction between polyadenylate and an 

7 endogenous macro molecule that binds to polyadenylate 

1 10. The system of claim 9 wherein said sequestration of proteins that bind polyadenylate 

2 is achieved by treatment of said extract with an material that depletes 

3 macromolecules that bind polyadenylate selected from the group consisting of 

4 antibodies to proteins that bind polyadenylate. polyadenylate, and the combination 

5 thereof. 

1 11. The system of claim 10 wherein said material is attached to a matrix. 

1 12. The system of claim 1 wherein said target RNA sequence is selected from the group 

2 of synthetic RNA, naturally occurring RNA, messenger RNA, chemically modified 

3 RNA, and RNA-DNA derivatives. 

1 13. The system of claim 12 wherein said target RNA sequence comprises a 5' cap and a 

2 3' polyadenylate sequence. 

1 14. The system of claim I wherein said target RNA sequence is selected from the group 

2 consisting of unlabeled target RNA sequence, labeled target RNA sequence, and the 

3 combination thereof. 

1 15. The system of claim 14 wherein said labeled target RNA sequence is labeled with a 

2 moiety is selected from the group consisting of a fluorescent moiety, a visible 

3 moiety, a radioactive moiety, a ligand, and a combination of fluorescent and 

4 quenching moieties. 

1 16. The system of claim 1 additionally comprising exogenously added nucleotide 

2 triphosphate. 

1 17. The system of claim i 6 wherein said nucleotide triphosphate is ATP. 

1 1 8. The system of claim 1 further comprising a reaction enhancer. 
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1 19. The system of claim 1 8 wherein said reaction enhancer is selected from the group 

2 consisting of polyvinyl alcohol, polyvinylpyrrolidone and dextran. 

1 20. The system of claim 19 wherein said reaction enhancer is polyvinyl alcohol. 

1 2 1 . A method for identifying an agent capable of modulating the stability of a target 

2 RNA sequence comprising 

3 (A) providine the system of claim 1; 

4 (B) introducing said agent into said system; 

5 (C) determining the extent of turnover of said target RNA sequence; and 

6 (D) identifying an agent able to modulate the extent of said turnover as 

7 capable of modulating the stability of said target RNA sequence. 

1 22. The method of claim 21 wherein said system additionally comprises nucleotide 

2 triphosphate. 

1 23. The method of claim 22 wherein said nucleotide triphosphate is ATP. 

1 24. The method of claim 21 wherein said agent is an RNA stability modifying molecule. 

1 25. The method of claim 2 1 wherein said target RNA sequence is selected from the 

2 group consisting of unlabeled target RNA sequence, labeled target RNA sequence. 

3 and the combination thereof. 

1 26. The method of claim 25 wherein said labeled RNA sequence is labeled with a moiety 

2 is selected from the group consisting of a fluorescent moiety, a visible moiety, a 

3 radioactive moiety, a iigand, and a combination of fluorescent and quenching 

4 moieties. 

1 27. The method of claim 2 1 wherein said monitoring the extent of turnover of said target 

2 RNA sequence comprises determining the extent of degradation of said labeled target 

3 RNA. 
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1 28. The method of claim 21 wherein said modulating the stability of a target RNA 

2 sequence increases the stability of said target RNA sequence. 

1 29. The method of claim 21 wherein said modulating the stability of a target RNA 

2 sequence decreases the stability of said RNA sequence. 

1 30. The method of claim 21 wherein said agent is capable of modulating the activity of a 

2 AU rich element binding protein or a C-rich element binding protein. 

1 31. The method of claim 30 wherein said AU rich element binding protein is selected 

2 from the group consisting of a member of the ELAV protein family; AUF1; 

3 tristetrapolin; AUH; TIA; TIAR; giyceraldehyde-3-phosphate; hnRNP C: hnRNP 

4 Al: AU-A; and AU-B. 

1 32. The method of claim 3 1 wherein said member of the ELAV protein family is 

2 selected from the group consisting of HuR, Hel-N 1 . HuC and HuD. 

1 33. A method for identifying an agent capable of modulating the stability of a target 

2 RNA sequence in the presence of an exogenously added RNA stability modifier 

3 comprising 

4 (a) providing the system of claim 1 ; 

5 (b) introducing said RNA stability modifier into said system: 

6 (c) introducing said agent into said system; 

7 (d) determining the extent of turnover of said target RNA sequence; and 

8 (e) identifying an agent able to modulate the extent of said turnover as capable 

9 of modulating the stability of said target RNA sequence in the presence of 
10 said exogenously added RNA stability modifier. 

1 34. The method of claim 33 wherein said system additionally comprises nucleotide 

2 triphosphate. 

1 35. The method of claim 34 wherein said nucleotide triphosphate is ATP. 
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1 36. The method of claim 33 wherein said target RNA sequence is selected from the 

2 group consisting of unlabeled target RNA sequence, labeled target RNA sequence, 

3 and the combination thereof. 

1 37. The method of claim 36 wherein said labeled RNA sequence is labeled with a moiety 

2 is selected from the group consisting of a fluorescent moiety, a visible moiety, a 

3 radioactive moiety, a ligand, and a combination of fluorescent and quenching 

4 moieties. 

1 38. The method of claim 33 wherein said determining the extent of turnover of said 

2 target RNA sequence comprises determining the extent of degradation of said labeled 

3 target RNA. 

1 39. The method of claim 33 wherein said RNA stability modifier increases the stability 

2 of said target RNA sequence. 

1 40. The method of claim 39 wherein said agent decreases the stability of said target RNA 

2 sequence increased by said RNA stability modifier. 

1 41 . The method of claim 33 wherein said RNA stability modifier decreases the stability 

2 of said target RNA sequence. 

1 42. The method of claim 41 wherein said agent increases the stability of said target RNA 

2 sequence decreased by said RNA stability modifier. 

1 43. The method of claim 33 wherein said agent is capable of modulating the activity of a 

2 AU rich element binding protein or a C-rich element binding protein. 

1 44. The method of claim 43 wherein said AU rich element binding protein is selected 

2 from the group consisting of a member of the ELAV protein family; AUF1; 

3 tristetrapolin; AUH; TIA; TIAR; glyceraldehyde-3-phosphate: hnRNP C; hnRNP 

4 Al; AU-A; and AU-B. 
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1 45. The method of claim 44 wherein said member of the ELAV protein family is 

2 selected from the group consisting of HuR, Hei-N 1 , HuC and HuD. 

1 46. A method for identifying an agent capable of modulating the deadenylation of a 

2 target RNA sequence comprising 

3 (A) providing the system of claim 1 in the absence of a nucleotide 

4 triphosphate; 

5 (B) introducing said agent into said system; 

6 (C) monitoring the deadenylation of said target RNA sequence in said 

7 system; and 

8 (D) identifying an agent able to modulate the extent of said deadenylation as 

9 capable of modulating the deadenylation of said target RNA sequence. 
10 

1 47. A method for identifying an agent capable of modulating the deadenylation and 

2 degradation of a target RNA sequence comprising 

3 (A) providing the system of claim 1 in the presence of a nucleotide 

4 triphosphate; 

5 (B) introducing said agent into said system; 

6 (C) monitoring the deadenylation and degradation of said target RNA 

7 sequence in said system; and 

8 (D) identifying an agent able to modulate the extent of said deadenylation 

9 and degradation as capable of modulating the deadenylation and 
1 0 degradation of said target RNA sequence. 

1 48. A method for identifying an agent capable of modulating cell growth or ceil 

2 differentiation in a mammal comprising determining the ability of said agent to 

3 modulate the stability of a target RNA sequence involved in the modulation of cell 

4 growth or differentiation in accordance with claim 19. 

1 49. The method of claim 48 wherein said agent capable of modulating cell growth or cell 

2 differentiation intervenes in cellular transformation. 
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The method of claim 48 wherein said agent capable of modulating cell growth or cell 
differentiation intervenes in immune dysreguiation. 

A method for identifying, characterizing or isolating an endogenous molecule 
suspected of participating in the deadenylation or degradation of RNA or regulation 
thereof comprising 

(A) providing the system of claim 1 ; 

(B) introducing said protein suspected of participating in the regulation of 
RNA turnover into said system; 

(C) monitoring the stability of said target RNA sequence in said system; and 

(D) identifying, characterizing or isolating said endogenous molecule able to 
modulate said deadenylation or degradation as capable of participating in 
the deadenylation or degradation of RNA or regulation thereof. 

The method of claim 51 wherein said molecule suspected of participating in the 
deadenylation or degradation of RNA or regulation thereof is protein or RNA. 

A kit for monitoring the stability of a preselected target RNA sequence under 
conditions capable of recapitulating regulated RNA turnover, said kit comprising: 

(a) cell extract depleted of activity of proteins that bind polyadenylate; 

(b) other reagents: and 

(c) directions for use of said kit. 

The kit of claim 53 further comprising nucleotide triphosphates, a reaction enhancer, 
a target RNA sequence, or any combination thereof. 

A method for identifying an agent capable of modulating the degradation a target 
RNA sequence in the absence of deadenylation comprising 

(A) providing a cell extract in the presence of a nucleotide triphosphate: 

(B) introducing said agent into said cell extract; and 

(C) monitoring the degradation of said target RNA sequence in said extract. 
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SEQUENCE IDS: 601-1-088 

5'-ATTTAGGTGACACTATAGAATACACATTATTTATTATTTATTTATTATTTATTT 
ATTTA-3' (SEQ ID NO:l) 

5 

5'-ATTTAGGTGACACTATAGAATACACGTTAGTATTCATTTGTTTACTATTGATTT 
CTTTA-3' (SEQ ID NO: 2) 

5 ' - ATTT AGGTG AC ACT AT AGA ATAC AC A A ATTTT ATTGTGTTTTTA ATTTATTTAT 
10 TAAGATGGATTCTC-3 ' (SEQ ID NO:3) 

5'-ATT ATTT ATT ATTT ATTT ATT ATTT ATT ATTT A (SEQ ID NO:4) 

5'-ATTTAGGTGACACTATAGAATACACCCCAACGGGCCCTCCCTCCCCTCCTTGC 
1 5 ACCATCATCGCATCACG (SEQ ID NO:5) 

5'AUUAUUUAUUAUUUAUUUAUUAUUUAUUUAUUUA (SEQ ID NO:6) 
5'-GUCACGUGUCACC (SEQ ID NO: 7). 

20 

5 AGCTA 60 TATTGAGGTGCTCG AGGT (SEQ ID NO: 8) 
5 '-CAT ACG ATTT AGGTG AC ACT AT AG (SEQ ID NO:9) 
25 5'-ACCTCGAGCACCTC (SEQ ID NO: 10) 

5 ' - AGTTAA ATA A AT (SEQ ID NO: 11) 
AUUUA (SEQ ID NO: 12) 
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AND TURNOVER OF RNA MOLECULES 
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GOVERNMENTAL SUPPORT 



The research leading to the present invention was supported, at least in part, by grant 
No. GM56434 from the National Institutes for Health. Accordingly, the Government 
may have certain rights in the invention. 



Broadly, the present invention involves a system and method for monitoring the stability of 
RNA and identifying agents capable of modulating RNA stability. 



20 The relative stability of a mRNA is an important regulator of gene expression. The half-life 
ofamRNA plays a role in determining both the steady state level of expression as well as the 
rate of inducibility of a gene product. In general, many short-lived proteins are encoded by 
short-lived mRNAs. Several mRNAs that encode stable proteins, such as a-globin, have also 
been shown to have extraordinarily long half-lives. Surveillance mechanisms are also used 

25 by the cell to identify and shorten the half-lives of mRNAs that contain nonsense codon 

mutations. Clearly, changes in the half-life of a mRNA can have dramatic consequences on 
cellular responses and function. 

Little is known about mechanisms of mRNA turnover and stability in mammalian cells, but 
30 in vivo data are beginning to allow some generalizations about major pathways of mRNA 

turnover. The mRNA poly(A) tail can be progressively shortened throughout the lifetime of 
a mRNA in the cytoplasm. Controlling the rate of this deadenylation process appears to be a 
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target for many factors that regulate mRNA stability. Once the poiy(A) tail is shortened to 
approximately 50-100 bases, the body of the mRNA is degraded in a rapid fashion with no 
discernible intermediates. The process of translation also influences mRNA stability. Little 
is known, however, concerning the enzymes and regulatory components involved in 
5 mammalian mRNA turnover. 

Several cis-acting elements have been shown to play a role in mRNA stability. Terminal (5') 
cap and 3'-poly(A) structures and associated proteins are likely to protect the transcript from 
exonucleases. Several destabilizing as well as stabilizing elements located in the body of the 

10 mRNA have also been identified. The best characterized instability element is an A-U rich 
sequence (ARE) found in the 3' untranslated region of many short-lived mRNAs. These 
AREs primarily consist of AUUUA (SEQ ID NO: 12) repeats or a related nonameric 
sequence. AREs have been shown to increase the rate of deadenylation and mRNA turnover 
in a translation-independent fashion. For example, proteins with AU-rich elements include 

15 many growth factor and cytokine mRNAs, such as c-fos. c-jun, c-myc TNFa. 

GMCSF. IL1-15. and IFN~p. Other stability elements include C-rich stabilizing 
elements, such as are found in the mRNAs of globin. collagen, lipoxygenase, and 
tyrosine hydroxylase. Still other mRNAs have as yet uncharacterized or poorly 
characterized sequence elements, for example, that have been identified by deletion 

20 analysis, e.g. VEGF mRNA. 

Numerous proteins have been described that interact with some specificity with an 
ARE. but their exact role in the process of mRNA turnover remains to be defined. For 
example, proteins which bind to the ARE described above include HuR and other 
25 ELAv family proteins, such as HuR (also called HuA), Hel-Nl (also called HuB), 
HuC and HuD; AUF1 (four isoforms); tristetrapolin; AUH; TIA; TIAR; 
glyceraldehyde-3 -phosphate; hnRNP C; hnRNP Al ; AU-A; and AU-B. Many others 
have not been extensively characterized. 

30 Through the application of genetics, the mechanisms and factors involved in the 

turnover of mRNA in Saccharomyces cerevisiae are beginning to be identified. One 



WO 99/61605 



PCT/US99/11581 



major pathway of mRNA decay involves decapping followed by the action of a 5-to- 
3' exonuclease. Evidence has also been obtained for a role for 3*-to-5' exonucleases in 
an alternative pathway. Functionally significant interactions between the cap structure 
and the 3' poly(A) tail of yeast mRNAs have also been described. Several factors 
5 involved in the translation-dependent pathway of nonsense-codon-mediated decay 
have also been identified. Whether these observations are generally applicable to 
mammalian cells, however, remains to be established. 

Mechanistic questions in mammalian cells are usually best approached using 

1 0 biochemical systems due to the inherent difficulties with mammalian cells as a genetic 
system. Thus, efforts have been made to develop in vitro systems to study mRNA 
stability and turnover. However, the presently available in vitro systems suffer from 
numerous limitations. For example, many suffer from poor data quality and a general 
lack of reproducibility that significantly limits their application. Another key 

1 5 problem is that most of these systems do not faithfully reproduce all aspects of mRNA 
stability. A significant difficulty in the development of these systems is to 
differentiate between random, non-specific RNA degradation and true, regulated 
mRNA turnover. The significance of all previous in vitro systems to the true in vivo 
process of mRNA stability, therefore, is unclear. To date, no in vitro mRNA stability 

20 system has been generally accepted in the field as valid and useful. Other problems 
that have been uncovered in presently available systems are that they usually involve a 
complicated extract protocol that is not generally reproducible by other laboratories in 
the field. Also, presently available systems can only be used to assess the stability of 
endogenous mRNAs. severely limiting their utility. Finally, the data quality obtained 

25 using such systems is highly variable, precluding their use in sensitive screening 
assays. 

Accordingly, there exists a need for an in vitro RNA stability system is efficient and 
highly reproducible, and further, one which produces minimal to undetectable 
30 amounts of RNA degradation 
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A further need exists tor an in vitro RNA stability system wherein deadenylation of an 
RNA transcript in the system should occur before general degradation of the mRNA 
body is observed. Also needed is an in vitro RNA stability system wherein 
degradation of the mRNA body occurs in an apparently highly processive fashion 
5 without detectable intermediates, and further, the regulation of the rate of overall 
deadenylation and degradation should be observed in a sequence-specific manner. 
Such a system should be applicable to exogenous RNAs and allow ease of 
experimental manipulation. 

10 The citation of any reference herein should not be construed as an admission that such 
reference is available as 'Trior Art" to the instant application. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, an in vitro system for modulating the 
15 stability and turnover of an RNA molecule is provided which models RNA processing 
in vivo. Thus, the present invention permits high throughput screening of 
compounds/macromolecules that modulate the stability of eukaryotic RNAs in order 
to identify and design drugs to affect the expression of selected transcripts, as well as 
to aid in the characterization of endogenous proteins and other macromolecules 
20 involved in mRNA stability. The in vitro system of the present invention is useful as 
a diagnostic aid for determining the molecular defect in selective disease alleles; 
development of in vitro mRNA stability systems for other eukaryotic organisms 
including parasites and fungi which should lead to novel drug discovery; and 
improving gene delivery systems by using the system to identify factors and RNA 
25 sequences that affect RNA stability. 

Broadly, the present invention extends to an in vitro system capable of recapitulating 
regulated RNA turnover of an exogenously added preselected target RNA sequence, the 
system comprising a cell extract and a target RNA sequence. In a non-limiting example of 
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the system described herein, the regulated RNA turnover is AU-rich element regulated RNA 
turnover or C-rich element regulated RNA turnover. 



The cell extract of the system of the present invention is isolated from lysed eukaryotic cells 
5 or tissues: the cell extract may be obtained for example from a ceil line, such as HeLa ceils or 
a T cell line, but the invention is not so limited. The cell extract may be prepared from cells 
comprising foreign nucleic acid, such as those that are infected, stably transfected, or 
transiently transfected. The cell extract may be partially purified. 

10 In one embodiment of the invention, the cell extract may be depleted of activity of proteins 
that bind polyadenylate. The depletion of activity of proteins that bind polyadenylate from 
the cell extract may be achieved by any of a number of methods, for example, the addition to 
the system of polyadenylate competitor RNA: the sequestration of proteins that bind 
polyadenylate; the addition of a proteinase that inactivates a protein that bind to 

15 polyadenylate: or addition of an agent that prevents the interaction between polyadenylate 
and an endogenous macromolecule that binds to polyadenylate, to name a few. As further 
examples of the methods for sequestration of proteins that bind polyadenylate, it may be 
achieved by such non-limiting procedures as the treatment of the extract with an material that 
depletes macromoiecules that bind polyadenylate, such as antibodies to proteins that bind 

20 polyadenylate, polyadenylate. and the combination. The material may be attached to a 
matrix. Other methods to achieve the depletion of the activity of proteins that bind 
polyadenylate may be used. 

The target RNA sequence used in the system may be, by way of non-limiting examples, 
25 synthetic RNA, naturally occurring RNA. messenger RNA, chemically modified RNA, or 
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RNA-DNA derivatives. The target RNA sequence may have a 5' cap and a 3' polyadenyiate 
sequence. The target RNA sequence may be unlabeled target RNA sequence, labeled target 
RNA sequence, or a the combination of both. The labeled RNA sequence may be labeled 
with a moiety such as. but not limited to a fluorescent moiety, a visible moiety, a radioactive 
5 moiety, a ligand, and a combination of fluorescent and quenching moieties. Other moieties 
and means for labeling RNA are embraced herein. 



The system of the present invention may additionally include exogenously added nucleotide 
triphosphate; ATP is preferred. It may also include a reaction enhancer to enhance the 
10 interaction between the various components present in the system, for example, polymers 
such as but not limited to polyvinyl alcohol, polyvinylpyrrolidone and dextran; polyvinyl 
alcohol is preferred. 



The present invention is also directed to a method for identifying agents capable of 
1 5 modulating the stability of a target RNA sequence. The method is carried out by preparing 
the system described above which includes the cell extract depleted of activity of proteins 
that bind polyadenyiate and the target RNA sequence: introducing into the aforesaid system 
an agent to be tested; determining the extent of turnover of the target RNA sequence by, for 
example, determining the extent of degradation of the labeled target RNA; and then 
20 identifying an agent which is able to modulate the extent of RNA turnover as capable of 
modulating the stability of the target RNA sequence. 



The method described above may additionally include nucleotide triphosphate, ATP being 
preferred. The agent to be tested may be, but is not limited to. an RNA stability modifying 
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molecule. The non-limiting selection of the types of target RNA sequence and the non- 
limiting types of labels useful for the RNA as described hereinabove. 

The method of the present invention is useful for identifying agents which can either 
5 increases or decrease the stability of said target RNA sequence. Such agents may be capable 
of modulating the activity of an RNA binding molecule such as, but not limited to, C-rich 
element binding proteins and AU rich element binding proteins, examples of the latter 
including HuR and other ELAv family proteins, such as HuR , Hel-NL HuC and HuD; 
AUF1: tristetrapolin; AUH: TIA; TIAR; glyceraldehyde-3-phosphate; hnRNP C; 
1 0 hnRNP Al : AU-A: and AU-B. This list is provided as illustrative of the types of 

molecules that may be evaluated in the present invention, but is by no means limiting. 

In a further embodiment of the present invention, a method is provided for identifying an 
agent that is capable of modulating the stability of a target RNA sequence in the presence of 

15 an exogenousiy added RNA stability modifier or RNA binding macromolecuie. Non- 
limiting examples of such molecules are described above. The method is carried out by 
preparing the system described above which includes the cell extract can be depleted of 
activity of proteins that bind polyadenylate and the target RNA sequence; introducing into 
the aforesaid system the exogenousiy added RNA stability modifier or binding 

20 macromolecuie and the agent to be tested; determining the extent of turnover of the target 
RNA sequence by, for example, determining the extent of degradation of the labeled target 
RNA; and then identifying an agent able to modulating the extent of the RNA turnover as 
capable of modulating the stability of the target RNA sequence in the presence of the 
exogenousiy added RNA stability modifier. 
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The non-limiting selection of the components of this method are as described above. The 
aforementioned method is useful, for example, when the RNA stability modifier decreases 
the stability of said target RNA sequence, and the agent to be identified increases the stability 
of the target RNA sequence that is decreased by the RNA stability modifier. In addition, the 
5 method is useful when the RNA stability modifier. increases the stability of the target RNA 
sequence, and the agent to be identified decreases the stability/ of the target RNA sequence 
that is increased by the RNA stability modifier. Non-iimiting examples of RNA stability 
modifiers include C-rich element binding proteins, and AU rich element binding proteins, 
examples of AU rich element binding proteins, including HuR and other ELAv family 
10 proteins, such as HuR . Hel-Nl, HuC and HuD: AUF1 : tristetrapoiin: AUH; TIA: TIAR; 

glyceraldehyde-3-phosphate: hnRNP C: hnRNP Al; AU-A; and AU-B. This list is provided 
as illustrative of the types of molecules that may be evaluated in the present invention, but is 
by no means limiting. 



15 The present invention is further directed to a method for identifying an agent capable of 
modulating the deadenylation of a target RNA sequence comprising preparing the system 
described above in the absence of nucleotide triphosphate, such as ATP: introducing an agent 
into the system; and monitoring the deadenylation of the target RNA sequence. Furthermore, 
the invention is also directed towards a method for identifying an agent capable of 

20 modulating the deadenylation and degradation of a target RNA sequence comprising 

preparing the system described herein in the presence of ATP; introducing the agent into the 
system; and monitoring the deadenylation and degradation of the target RNA sequence. 
These embodiments may also be carried out in the presence of an RNA stability modifier or 
RNA binding macromolecule to determine the ability of the agent to modulate the effect of 

25 the modulator or binding molecule on RNA stability. 
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It is a further aspect of the present invention to provide a method for identifying an agent 
capable of modulating cell growth or cell differentiation in a mammal comprising 
determining the ability of said agent to modulate the stability of a target RNA sequence 
involved in the modulation of cell growth or differentiation in accordance with the methods 
described above. The agents capable of modulating cell growth or cell differentiation may 
intervene in such physiological processes as cellular transformation and immune 
dysreguiation. but the invention is not so limiting. 

It is yet a further aspect of the present invention to provide a method for identifying, 
characterizing and isolating an endogenous molecule suspected of participating in the 
deadenylation or degradation of RNA or regulation thereof comprising preparing the system 
described hereinabove; introducing a protein suspected of participating in the regulation of 
RNA turnover into said system: and monitoring the stability of the target RNA sequence. 
The endogenous molecule suspected of participating in the deadenylation and/or degradation 
of RNA or regulation may be protein or RNA. 

In another embodiment of the invention, a method is provided for identifying an agent 
capable of modulating the degradation a target RNA sequence in the absence of 
deadenylation comprising providing a cell extract in the presence of a nucleotide 
triphosphate; introducing said agent into said cell extract; and monitoring the degradation of 
said target RNA sequence in said extract. 

A further aspect of the present invention is directed to a kit for monitoring the stability of a 
preselected target RNA sequence under conditions capable of recapitulating regulated RNA 
turnover. The kit comprises a cell extract that optionally may be depleted of activity of 
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comprise nucleotide triphosphates, a reaction enhancer, or both. 
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The kit may further 



Accordingly, it is an ob ject of the invention to provide a system for modulating the stability 
5 and turnover of an RNA molecule in vitro, which permits a skilled artisan to study the 

turnover generally, or deadenyiation and degradation specifically, of an RNA transcript and 
screen drugs which can modulate the stability and turnover of an RNA transcript. The 
turnover may be in the absence or presence of exogenousiy added RNA stability modulators, 
or permit the study of the role of endogenous molecules in RNA turnover. 

10 

It is another embodiment of the invention to provide a kit that a skilled artisan can readily use 
to modulate the stability and turnover of an RNA molecule in vitro, and investigate the 
aforementioned agents. 

1 5 These and other aspects of the present invention will be better appreciated by reference to the 
following drawings and Detailed Description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 FIG.l A-D: The addition of poly(A) to cytoplasmic S 1 00 extracts activates specific 
deadenylase and degradation activities. Panel A. Poly( A) competitor RNA activates 
nucieolytic activities in the extract. A capped, radiolabeled 54 base RNA containing a 60 
base poly(A) tail (Gem-A60) was incubated at 30° C with SI 00 extract in the absence (lanes 
marked SI 00) or presence (Lanes marked SI 00 +Poly(A)) of 500 ng of cold poly(A) RNA as 

25 described in Materials and Methods of Example I for the times indicated. RNA products 
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were analyzed on a 5% acrylamide gei containing 7M urea. The position of a deadenylated, 
54 base transcript (Gem-AO) is indicated on the right. Panel B. The shortening of input 
transcripts is due to a 3*-to-5' exonuclease. Gem-A60 RNA. labeled exclusively at the 5* cap, 
was incubated in the in vitro mRNA stability system for the times indicated. Reaction 

5 products were analyzed on a 5% acrylamide gel containing 7M urea. The position of a 

deadenylated. 54 base transcript (Gem-AO) is indicated on the right. Panel C. An alternative 
approach also demonstrates that the shortening of input transcripts is due to a 3*-to-5' 
exonuclease. ARE-A60 RNA. radiolabeled at A residues, was incubated in the in vitro 
stability system for the times indicated. Reaction products were hybridized to a DNA oligo 

0 and cleaved into 5' and 3" fragments using RNase H. Fragments were analyzed on a 5% 

acrylamide gel containing 7M urea. Panel D. The 3'-to-5* exonuclease activity is a specific 
deadenylase. Gem-A60 RNA or a variant that contains i 8 extra nucleotides after the poly(A) 
tract (Gem-A60-1 5) were incubated in the in vitro stability system for the times indicated. 
RNA products were analyzed on a 5% acrylamide gel containing 7M urea. The position of a 

5 deadenylated. 54 base transcript (Gem- AO) is indicated on the left. 31 + 11 .0% of the input 
Gem-A60 RNA was deadenylated/degraded in 30 min. 

FIG. 2 A-E: The rate of transcript degradation in the in vitro system is regulated by AU-rich 
instability elements in a sequence-specific fashion. Panel A. AU-rich elements dramatically 

0 increase the rate of turnover in the in vitro system. Gem-A60 RNA or a polyadenyiated 

transcript that contains the 34 base AU-rich element from the TNF-cc mRNA, were incubated 
in the in vitro stability system for the times indicated. RNA products were analyzed on a 5% 
acrylamide gel containing 7M urea. The positions of deadenylated transcripts (Gem-AO and 
ARE-AO) are indicated. The ARE-A60 RNA was deadenylated/degraded 6.6+0.4 fold faster 

5 than Gem-A60 RNA. Panel B. The AU-rich element from c-fos mRNA also functions as an 
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instability element in vitro. Gem-A60 RNA or a transcript that contains the 72 base AU-rich 
element from the c-fos mRNA (Fos-A60) were incubated in the in vitro stability system for 
the times indicated. RNA products were analyzed on a 5% acrylamide gel containing 7M 
urea. The positions of deadenylated transcripts (Gem-AO and Fos-AO) are indicated. The 
5 Fos-A60 RNA was deadenyiated/degraded 3.5+0.3 fold faster than Gem-A60 RNA. Panel 
C. The ability of AU-rich elements to mediate transcript instability in the in vitro system is 
sequence-specific. ARE-A60 RNA or a variant that contains a mutation at every fourth 
position (mt ARE-A60; see Materials and Methods) were incubated in the in vitro stability 
system for the times indicated. RNA products were analyzed on a 5% acrylamide gel 

10 containing 7M urea. The positions of deadenylated transcripts (ARE-AO and mt ARE-AO) 
are indicated. Mutations in the ARE reduced the rate of deadenylation/degradation by 
3.7+1 .4 fold compared to the wild type ARE-A60 transcript. Panel D. The TNF-a AU-rich 
element mediates instability in a heterologous context. A polyadenylated 250 base RNA 
derived from the SV late transcription unit (SV-A60), or a variant that contains the 34 base 

1 5 AU-rich element from the TNF-a mRNA (SVARE-A60), were incubated in the in vitro 

stability system for the times indicated. RNA products were analyzed on a 5% acrylamide 
gel containing 7M urea. The positions of deadenylated transcripts (SV-AO and SVARE-AO) 
are indicated. SVARE-A60 RNA was deadenyiated/degraded 3.5+0.7 fold faster than 
SV-A60 RNA. Panel E. The AU-rich element derived from the GM-CSF mRNA functions 

20 in vitro on nearly a full length RNA substrate. A nearly full length version of the GM-CSF 
mRNA that contained an AU-rich element (GM-CSF(+ARE), or a version in which the 
AU-rich element was deleted (GM-CSF(-ARE), were incubated in the in vitro stability 
system for the times indicated. RNA products were analyzed on a 5% acrylamide gel 
containing 7M urea. GM-CSF(+ARE) was deadenyiated/degraded 2.8+0.2 fold faster than 

25 the GM-CSF(-ARE) transcript. 
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FIG. 3 A-B: Deadenylation occurs in the absence of ATP and is regulated by AU-rich 
elements in vitro. Panel A. Degradation, but not deadenylation, requires ATP. 
SV-ARE-A60 RNA was incubated in the in vitro system in the presence ((+) ATP lanes) or 
absence ((-) ATP lanes) for the times indicated. RNA products were analyzed on a 5% 
5 acryiamide gel containing 7M urea. The positions of the deadenylated SVARE-A) transcript 
is indicated. Panel B. AU-rich elements regulate the rate of deadenylation on RNA 
substrates which carry a physiologic length poIy(A) tail. SV RNA or SV-ARE RNA (a 
variant that contains an AU-rich element) were polyadenylated with yeast poly(A) 
polymerase and species that contained tails of approximately 1 50-200 bases were gel 
10 purified. These RNAs (SV(A 150-200) and SVARE(A 1 50-200) were incubated in the in vitro 
stability system for the times indicated. RNA products were analyzed on a 5% acryiamide 
gel containing 7M urea. The positions of deadenylated transcripts (SV-A0 and SVARE-A0) 
are indicated. SVARE( A 1 50-200) RNA was deadenylated 2.2+0.3% fold faster than the 
SV(A 150-200) transcript. 

15 

Figure 4 A-B: The HuR protein of the ELAV family specifically binds to the TNF-a 
AU-rich element in the in vitro system. Panel A. Two proteins specifically interact with the 
TNF-a AU-rich element. Gem-A60 and ARE-A60 RNAs were radiolabeled at U residues 
and incubated in the in vitro stability system for 5 min. in the presence of EDTA (to block 

20 degradation and allow for accurate comparisons). Reaction mixtures were irradiated with 
UV light, cleaved with RNase A, and protein-RNA complexes were analyzed on a 10% 
acryiamide gel containing SDS. The approximate sizes of the cross linked proteins indicated 
on the right were deduced from molecular weight markers. Panel B. The 30 kDa protein is 
HuR. Radiolabeled ARE-A60 RNA was incubated in the in vitro RNA stability system and 

25 cross-linked to associated proteins as described above. C ross linked proteins were 
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immunoprecipitated using the indicated antisera prior to analysis on a 10% acrylamide sel 
containing SDS. The lane marked Input denotes total cross linked proteins prior to 
immunoprecipitation analysis. 

5 Figure 5 A-C: While AU-rich element binding factors are important to promote RNA 
deadenyiation and degradation, the binding of the HuR protein to AU-rich elements is not 
associated with AU-rich element-mediated transcript instability. Panel A. Competition 
analysis suggests that AU-rich element binding factors are required for deadenyiation and 
degradation of transcripts. SVARE-A60 RNA was incubated in the in vitro stability system 

10 for 30 min. in the presence of the indicated amounts of a synthetic RNA competitor that 
contained the TNF-a AU-rich element (ARE comp.) or a non-specific sequence. RNA 
products were analyzed on a 5% acrylamide gel containing 7M urea. The position of 
deadenyiated SVARE-AO RNA is indicated. Panel B. Reaction mixtures were prepared as 
described in panel A with the addition of EDTA to inhibit RNA turnover. Protein-RNA 

15 interactions were analyzed by UV cross linking analysis and analyzed on a 10% acrylamide 
gel containing SDS. The positions of AU rich element-specific cross linked species is 
indicated on the left. Panel C. Reactions were prepared exactly as described for Panel B, 
except samples were immunoprecipitated using a-HuR specific antisera prior to gel 
electrophoresis. 

20 

FIG. 6 A-D: ELAV proteins specifically stabilize deadenyiated intermediates in the in vitro 
system. Panel A. SVARE-A60 RNA was incubated in the in vitro system in the presence 
(lanes (+) Hel-Ni)) or the absence (lanes (-) Hel-Nl) of lug of recombinant Hel-Nl protein. 
RNA products were analyzed on a 5% acrylamide gel containing 7M urea. The position of 
25 deadenyiated SVARE-AO transcript is indicated. Panel B. SVARE-A60 RNA was incubated 
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in the in vitro system in the presence of lug of recombinant Hel-N 1 (lanes (+) Hel-Nl), GST 
only (lanes {+) GST), or an unrelated RNA binding protein hnRNP FT (lanes (+) hnRNP FT). 
RNA products were analyzed on a 5% acrylamide gel containing 7M urea. The position of 
deadenylated SVARE-AO transcript is indicated. Panel C. ARE-A60 RNA, or an unrelated 
5 transcript that lacked an AU-rich element (CX-A60). were incubated in the in vitro stability 
system for 30min. in the presence (+ lanes) or absence (- lanes) of ~1 ug of Hel-N2 protein. 
RNA products were analyzed on a 5% acrylamide gel containing 7M urea. The positions of 
deadenylated transcripts are indicated. Panel D. A variant of SV-A60 RNA that contained 
the TNF-a ARE in the 5' portion of the transcript (SV5'AGE-A60) was incubated in the in 
10 vitro system for 50 min in the absence (- lane) or presence (+ lane) of 1 ug of Hel-N2 

protein. RNA products were analyzed on a 5% acrylamide gel containing 7 M urea. The 
positions of imput and deadenylated transcripts are indicated. 

DETAILED DESCRIPTION OF THE INVENTION 
15 Numerous terms and phrases are used throughout the instant Specification. The meanings of 
these terms and phrases are set forth below. 

In particular, as used herein "half-life" of an RNA molecule refers to the measurement of the 
decline in the amount of an RNA molecule to serve as a template for the synthesis of its 
20 protein product. 

As used herein "turnover" refers to the degradation of an RNA molecule. Turnover 
comprises deadenylation and degradation. 
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As used herein a "cap" or"5 f cap" or "terminal cap", and be used interchangeable, and refer to 
a 7-methyl guanosine (7mG) cap chemically con jugated to the most 5' nucleotide of the RNA 
molecule. 

5 As used herein, the phrase "polyadenylic acid (poly(A)) tail" refers to a string of contiguous 
adenylic acids (polyadenylate) added post transcriptionally to the 3' end of an RNA molecule, 
such as mRNA. 

As used herein, the term "stability" refers to the maintenance of an RNA molecule so that it 
10 can function, and thus retard the degradation process of an RNA molecule. 

As used herein, the phrase "a polyadenylic acid competitor nucleic acid oligomer" refers to 
an oligomer comprising contiguous adenylic acids" which can be added to a system of the 
invention and sequester proteins that bind poiy(A). Thus, the degradation of a particular 
15 RNA molecule having a poly(A) tail can be modulated. 

Also, as used herein, the phrase "restriction endonuclease" refers to an enzyme that 
recognizes specific nucleotide sequences in a nucleic acid molecule, and produces a double- 
stranded break within or near the site. Some restriction enzymes, such as EcoRl or HindlU 
20 produce "complementary tails" on each of fragments produced. These tails are said to be 

"sticky" because under hybridization conditions they can reanneal with each other. Thus, if 
two separate nucleic acid molecules share the same restriction site, then both will contain 
complementary single-stranded tails when treated with the same restriction endonuclease. 
and can be spliced together forming a recombinant nucleic acid molecule. 

25 
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Naturally, as used herein, the phrase "restriction endonuciease site" refers to a specific 
nucleotide sequence that is recognized by a specific restriction endonuciease. 



Furthermore, numerous conventional molecular biology, microbiology, and recombinant 
5 DNA techniques within the skill of the art can be readily utilized to practice the instant 

invention. Such techniques are explained fully in the literature. See, e.g., Sambrook, Fritsch 
& Maniatis. Molecular Cloning: A Laboratory Manual, Second Edition (1989) Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor. New York (herein "Sambrook et aL 1989"); 
DNA Cloning: A Practical Approach, Volumes I and II (D.N. Glover ed. 1985); 

1 0 Oligonucleotide Synthesis (M.J. Gait ed. 1 984): Nucleic Acid Hybridization [B.D. Hames & 
S.J. Higgins eds. (1985)]; Transcription And Translation [B.D. Hames & S.J. Higgins, eds. 
(1984)]; Animal Cell Culture [R.I. Freshney, ed. (1986)]; Immobilized Cells And Enzymes 
[IRL Press. (1986)]; B. Perbal,y4 Practical Guide To Molecular Cloning (1984); F.M. 
Ausubel et al. (eds.). Current Protocols in Molecular Biology, John Wiley & Sons. Inc. 

15 (1994). 

Therefore, if appearing herein, the following terms shall have the definitions set out below. 

A "vector" is a repiicon. such as plasmid, phage or cosmid, to which another DNA segment 
20 may be attached so as to bring about the replication of the attached segment. A "repiicon" is 
any genetic element (e.g.. plasmid, chromosome, virus) that functions as an autonomous unit 
of DNA replication in vivo. i.e.. capable of replication under its own control. 

A "cassette" refers to a segment of a nucleic acid molelcuie, such as DNA or RNA, that can 
25 be inserted into a vector at specific restriction sites. The segment of the nucleic acid 
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molelcule may encode a polypeptide of interest, and the cassette and restriction sites are 
designed to ensure insertion of the cassette in the proper reading frame for transcription and 
translation. 



5 A cell has been "transfected" by exogenous or heterologous DNA when such DNA has been 
introduced inside the ceil. A cell has been "transformed" by exogenous or heterologous 
DNA when the transfected DNA effects a phenotypic change. Preferably, the transforming 
DNA should be integrated (covalently linked) into chromosomal DNA making up the 
genome of the ceil. 

10 

A "nucleic acid molecule" refers to the phosphate ester polymeric form of ribonucleosides 
(adenosine, guanosine. uridine or cytidine; "RNA molecules") or deoxyribonucleosides 
(deoxyadenosine. deoxyguanosine, deoxythymidine. or deoxycytidine: "DNA molecules"), or 
any phosphoester anologs thereof, such as phosphorothioates and thioesters. in either single 

15 stranded form, or a double-stranded helix. Double stranded DNA-DNA. DNA- RNA and 
RNA-RNA helices are possible. The term nucleic acid molecule, and in particular DNA or 
RNA molecule, refers only to the primary and secondary structure of the molecule, and does 
not limit it to any particular tertiary forms. Thus, this term includes double-stranded DNA 
found, inter alia, in linear or circular DNA molecules (t\#, restriction fragments), plasmids, 

20 and chromosomes. In discussing the structure of particular double-stranded DNA molecules, 
sequences may be described herein according to the normal convention of giving only the 
sequence in the 5' to 3' direction along the nontranscribed strand of DNA (i.e., the strand 
having a sequence homologous to the mRNA). A "recombinant DNA molecule" is a DNA 
molecule that has undergone a molecular biological manipulation. 

25 
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A DNA "coding sequence" is a double-stranded DNA sequence which is transcribed and 
translated into a polypeptide in a cell in vitro or in vivo when placed under the control of 
appropriate regulatory sequences. The boundaries of the coding sequence are determined by 
a start codon at the 5' (amino) terminus and a translation stop codon at the 3' (carboxyl) 
5 terminus. A coding sequence can include, but is not limited to, prokaryotic sequences, 

cDNA from eukaryotic mRNA. genomic DNA sequences from eukaryotic (e.g., mammalian) 
DNA, and even synthetic DNA sequences. If the coding sequence is intended for expression 
in a eukaryotic cell, a polyadenylation signal and transcription termination sequence will 
usually be located 3' to the coding sequence. 

10 

A "promoter sequence" is a DNA regulatory region capable of binding RNA polymerase in a 
cell and initiating transcription of a downstream (3' direction) coding sequence. For 
purposes of defining the present invention, the promoter sequence is bounded at its 3' 
terminus by the transcription initiation site and extends upstream (5' direction) to include the 
1 5 minimum number of bases or elements necessary to initiate transcription at levels detectable 
above background. Within the promoter sequence will be found a transcription initiation site 
(conveniently defined for example, by mapping with nuclease SI), as well as protein binding 
domains (consensus sequences) responsible for the binding of RNA polymerase. 

20 

The present invention is based upon Applicant's discovery of a heretofore unknown system 
for activating regulated turnover of RNA molecules in vitro that surprisingly and 
unexpectedly permits a skilled artisan to study and to modulate the stability and thus the 
turnover of a RNA molecule in vitro. Thus, the new and useful system of the invention 
25 permits accurate and faithful reproduction of both general and regulated aspects 
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deadenyiation and degradation of an RNA molecule, also referred to herein as recapitulating 
regulated RNA turnover, particuiariy a eukaryotic mRNA transcript, in particular, the new 
and useful system of the invention permits minimal amounts, preferably undetectable, of 
mRNA turnover, and further, deadenyiation of an RNA molecule occurs in the system prior 
5 to degradation of the RNA molecule, which mimics the turnover process of RNA found in 
vivo. 



The key to the development of the system and methods utilizing the system are based on the 
discovery that polyadenylate competitor RNA is capable of sequestering proteins that bind 
1 0 polyadenylate and consequently activating the deadenyiase enzyme, inducing RNA turnover. 
As it was heretofore considered that such proteins that bind polyadenylate may contribute to 
RNA deadenyiation. the present finding that such proteins are. in contrast stabilizers of 
RNA, led to the realization that the such proteins are interacting with and inactivating 
destabilizing mediators in vivo. Thus, the present invention is directed to an in vitro system 
15 capable of recapitulating regulated RNA turnover of an exogenousiy added preselected target 
RNA sequence comprising a cell extract depleted of activity of proteins that bind 
polyadenylate. and a preselected target RNA sequence. In one particular embodiment the 
regulated RNA turnover is that modulated by AU-rich element (ARE) regulated RNA 
turnover. Examples of mRNAs with AU-rich elements include those of, by way of non- 
20 limiting example, c-fos: c-jun; c-myc TNF-a. GMCSF, IL1-15, and IFN~p. As noted 
above. AU-rich elements are sites for binding of numerous proteins, including the ELAV 
family of ARE-binding proteins, such as HuR . Hel-Nl. HuC and HuD; others include AUF1; 
tristetrapolin: AUH: TIA: TIAR; gIyceraldehyde-3-phosphate: hnRNP C; hnRNP Al; AU-A; 
and AU-B.. In another embodiment, the regulated RNA turnover is that modulated by C-rich 
25 element (CRE) regulated RNA turnover, such elements as found in the mRNA of globin 
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mRNAs. collagen, lipoxygenase, and tyrosine hydroxylase. Another mRNA with an as 
yet uncharacterized sequence element is that of VEGF. The invention, however, is not so 
limiting as to the particular elements or binding proteins to these elements involved in the 
regulation of RN A turnover. 

5 

The cell extract of the present invention is prepared from lysed eukaryotic cells or tissues. 
Various methods known to the skilled artisan may be used to prepare the cell extract. 
Various sources of cells may be used, including fresh cells and tissues, and cells lines. Such 
cells may comprise foreign nucleic acid, such as in cells that are infected; or are transiently 

10 or stably transfected with a mammalian expression vector, the latter as described in more 
detail below. For certain purposes, for example to investigate the role of infection, and in 
particular intracellular infection, on RNA turnover, infected cells may be utilized as the 
source of the ceil extract herein. Cells infected with viruses or other intracellular 
microorganisms such as Listeria monocytogenes. HTLV. herpes simplex virus, and HIV, may 

15 be employed for these particular circumstances. Furthermore, prior to preparation of the cell 
extract, cells may be exposed to certain chemical or other extracellular stimuli, for example, 
hormones, growth factors, and kinase and phosphatase inhibitors, which may alter RNA 
turnover, for which subsequent studies as described herein may be used to identify the 
induction of certain proteins involved in modulating RNA turnover, or for the identification 

20 of agents which may counteract adverse RNA turnover modulation induced by such stimuli. 
As will be noted in more detail below, the methods herein may be used to identify agents 
which may protect cells by interfering with adverse RNA turnover induced by various 
sources. The cell extract is preferably free of nuclei and nuclear contents and comprises 
cytoplasm, but this is not essential unless particular components, such as enzymes or other 

25 factors, from nuclei, interfere with the operation of the system. In a typical preparation. 
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which may be modified without departing from the scope of the invention, cells are grown, 
harvested, lysed. centrifuged for 100,000 x g for I hour, and dialyzed. Glycerol may be 
added to protect the extract if stored frozen. 

5 As described above, a cell used to prepare the cell extract may comprise foreign DNA. An 
isolated nucleic acid molecule to placed in a system of the invention can initially be inserted 
into a cloning vector to produce numerous copies of the molecule. A large number of vector- 
host systems known in the art may be used. Possible vectors include, but are not limited to. 
plasmids or modified viruses, but the vector system must be compatible with the host cell 

10 used. Examples of vectors include, but are not limited to. E. coli. bacteriophages such as 
lambda derivatives, or plasmids such as pBR322 derivatives or pUC plasmid derivatives. 
e-g-, pGEX vectors, pmal-c, pFLAG. etc. The insertion into a cloning vector can, for 
example, be accomplished by ligating the nucleic acid molecule into a cloning vector which 
has complementary cohesive termini. However, if the complementary restriction sites used 

1 5 to fragment the nucleic acid molecule are not present in the cloning vector, the ends of the 
molecule may be enzymaticaily modified. Alternatively, any site desired may be produced 
by ligating nucleotide sequences (linkers) onto the termini of the nucleic acid molecule; these 
ligated linkers may comprise specific chemically synthesized oligonucleotides encoding 
restriction endonuclease recognition sequences. Recombinant molecules can be introduced 

20 into host cells via transformation, transfection, infection, electroporation. etc.. so that many 
copies of the nucleic acid molecule are generated. Preferably, the cloned nucleic acid 
molecule is contained on a shuttle vector plasmid. which provides for expansion in a cloning 
cell, e.g., E. colL and facile purification for subsequent insertion into an appropriate 
expression cell line, if such is desired. For example, a shuttle vector, which is a vector that 

25 can replicate in more than one type of organism, can be prepared for replication in both E. 
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coli and Saccharomyces cerevisiae by linking sequences from an E. coli piasmid with 
sequences from the yeast 2ju piasmid. 

Naturally, any of the methods previously described for the insertion of an isolated nucleic 
5 acid molecule into a cloning vector may be used to construct expression vectors containing a 
nucleic acid molecule consisting of appropriate transcriptional/translational control signals 
and the protein coding sequences. These methods may include in vitro recombinant DNA 
and synthetic techniques and in vivo recombination (genetic recombination). 

10 Mammalian expression vectors contemplated for use in the invention include vectors with 
inducible promoters, such as the dihydrofolate reductase (DHFR) promoter, e.g., any 
expression vector with a DHFR expression vector, or a DHFR/methotrexate co-amplification 
vector, such as pED (P.v/L Sail. Sbah Smah and EcoRl cloning site, with the vector 
expressing both the cloned gene and DHFR: see Kaufman, Current Protocols in Molecular 

15 Biology, 16.12 (1991). Alternatively, a glutamine synthetase/methionine sulfoximine co- 
amplification vector, such as pEEI4 (Hindllh Xbah Smah Sbah EcoRl, and Bell cloning site, 
in which the vector expresses glutamine synthase and the cloned gene; Celltech). In another 
embodiment a vector that directs episomal expression under control of Epstein Barr Virus 
(EBV) can be used, such as pREP4 (BamH 1 , Sfih Xhoh Noth Nheh Hindllh Nheh Pvulh and 

20 Kpnl cloning site, constitutive RSV-LTR promoter, hygromycin selectable marker; 

Invitrogen), pCEP4 (BamH 1 . Sfih Xhoh Noth Nheh Hindllh Nheh Pvulh and Kpnl cloning 
site, constitutive hCMV immediate early gene, hygromycin selectable marker; Invitrogen), 
pMEP4 (Kpnh Pvuh Nheh Hindllh Noth Xhoh Sfih BamHX cloning site, inducible 
metallothionein Ila gene promoter, hygromycin selectable marker: Invitrogen), pREP8 

25 (BamHhXhoh Noth Hindllh Nheh and Kpn\ cloning site. RSV-LTR promoter, histidinol 
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selectable marker: lnvitrogen). pREP9 (KpnL NheL HmdUL No/L XhoL SfiL and BamHI 
cloning site. RSV-LTR promoter. G418 selectable marker: lnvitrogen). and pEBVHis (RSV- 
LTR promoter, hygromycin selectable marker. N-terminal peptide purifiable via ProBond 
resin and cleaved by enterokinase; lnvitrogen). Selectable mammalian expression vectors for 

5 use in the invention include pRc/CMV (HindUL BstXL Noil. SbaL and Apa\ cloning site, 
G41 8 selection; lnvitrogen), pRc/RSV (HindUL SpeL BstXL NotL Xbal cloning site, G41 8 
selection: lnvitrogen), and others. Vaccinia virus mammalian expression vectors {see, 
Kaufman. 1991 . supra) for use according to the invention include but are not limited to 
pSCl 1 (Sma\ cloning site, TK- and p-gal selection). pMJ601 (Sail, SmaL Afll* NarL BspMIL 

0 BamHLApaL NheL Sac\L KpnL and Hind\\\ cloning sue: TK- and P-gal selection), and 
pTKgptFl S (EcoRL Ps/L Sail. AccL HindlL SbaL BamHL and Hpa cloning site, TK or 
XPRT selection). 

Once a particular nucleic acid molecule, such as RNA. is inserted into a vector, several 
5 methods known in the art may be used to propagate it. Once a suitable host system and 
growth conditions are established, recombinant expression vectors can be propagated and 
prepared in quantity. As previously explained, the expression vectors which can be used 
include, but are not limited to. the following vectors or their derivatives: human or animal 
viruses such as vaccinia virus or adenovirus: insect viruses such as baculovirus: yeast 
0 vectors; bacteriophage vectors (e.g., lambda), and piasmid and cosmid DNA vectors, to name 
but a few. In addition, a host cell strain may be chosen which modulates the expression of 
the inserted sequences, or modifies and processes the gene product in the specific fashion 
desired. 
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Vectors are introduced into the desired host cells by methods known in the art. e.g.. 
transfection, electroporation. microinjection, transduction, cell fusion, DEAE dextran. 
calcium phosphate precipitation, iipofection (lysosome fusion), use of a gene gun, or a DNA 
vector transporter (see. e.g., Wu etal.. 1992, J. Biol. Chem. 267:963-967; Wu and Wu, 1988. 
5 J. Biol. Chem. 263:14621-14624: Hartmut et al., Canadian Patent Application No. 2.012,31 1, 
filed March 15, 1990). 



Cells useful for the preparation described herein include immortalized or partially 
immortalized ceils which can be grown in large amounts under defined conditions, such as 
10 HeLa cells and various T-ceil cell lines. Other sources include tissues, blood cells, or 
myeloid cells. Other sources are well within the realm of the present invention. 

The cell extract of the system described herein is depleted of activity of proteins that bind 
polyadenylate. This may be achieved by any one or a combination of methods such as the 

15 following. While not being bound by theory, each of these methods either removes the 

proteins that bind polyadenylate. or inactivate the binding activity. These procedures may be 
applied to the cell extract as it is used in the methods described herein, or the cell extract may 
be treated beforehand. For example, a polyadenylate competitor RN A may be added to the 
cell extract to provide an irrelevant RNA sequence to which the binding proteins may bind, 

20 thus clearing the target RNA sequence of such binding proteins. In another embodiment, 
sequestration of proteins that bind polyadenylate may be performed. Sequestration may be 
achieved by adding to the cell extract or exposing the cell extract to a material that binds the 
aforementioned proteins, such as antibodies to proteins that bind polyadenylate, or 
polyadenylate sequences themselves or macromoiecules comprising polyadenylate sequences 

25 which serve as binding targets for such proteins. Alternatively or in addition, these protein 
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binding materials may be bound to a matrix, such as agarose beads, and the cell extract 
passed through a column of such beads to remove the proteins which bind polyadenylate. 
The preparation of such beads covalentiy modified to comprise antibodies or RNA 
sequences, whether polyadenylate or sequences comprising polyadenylate, are known to the 
5 skilled artisan. Another means for reducing or eliminating such activity from the cell extract 
is by exposure to one or more proteinase known to inactivate a protein that bind to 
polyadenylate. These proteinases may be added to the extract, or bound to a matrix and 
exposed to the extract, after which inactivation the beads may be removed. A further means 
encompasses addition to the extract of an agent that prevents the interaction between 

10 polyadenylate and an endogenous macromolecule that binds to polyadenylate. These and 
other methods embraced by the present invention achieve the desired goal of depleting 
macromolecules that bind polyadenylate from the cell extract, thus allowing the cell extract 
in combination with the target RNA sequence to undergo in vivo-iike RNA turnover. One or 
a combination of the aforesaid methods may be employed to reduce the level of such protein 

15 to an acceptable limit, dependent upon the source of the cells or tissues from which the 
extract is made, the particular target RNA sequence, and other factors. As will be noted 
below, certain macromolecules that bind to polyadenylate may be included in particular 
screening assays or other methods employing the system and methods described herein when 
that particular protein or other macromolecule is subject to investigation as described herein. 

20 

In a further embodiment of the invention, the cell extract may be partially purified or 
otherwise manipulated. For example, the cell extract may be partially purified to remove 
certain components before being placed in the system of the invention, before or after being 
optionally depleted of macromolecules that bind polyadenylate. For example, certain non- 
25 specific factors and/or activities unrelated to of interfering with the methods of the present 
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invention may be removed from the ceil extract. The skilled artisan will recognize for the 
particular target RNA being investigated hereunder the need for partial purification of the 
extract and the need for depletion of factors that bind polyadenylate. Furthermore, other 
components may be added to ensure that the system of the invention recapitulates regulated 
5 RNA turnover. 



The target RNA sequence in the system of the present invention may be an one of a number 
of RNA or modified RNA molecules. For example, synthetic RNA may be prepared by solid 
phase synthesis, or reproduced by in vitro transcription using phage polymerase as is known 
10 to the skilled artisan. Naturally occurring RNA may be isolated from cells, tissues, and other 
biological sources. The RNA may be a messenger RNA (inRNA), a preferred species herein, 
or RNA-DNA derivatives. Messenger RNA typically comprises a 5' cap and a 3' 
polyadenylate sequence. Chemically modified RNA. such as RNA modified by 
phosphothioate moiety(ies). is embraced herein. 

15 

The particular RNA. including mRNA, used in the system and methods of the present 
invention may be selected depending on the particular species of mRNA to be studied. 
Investigations of mRNA turnover, endogenous modulators of its turnover and exogenously 
added molecules, particularly small molecules which affect mRNA turnover, have important 

20 therapeutic implications in the prophylaxis and treatment of a variety of conditions and 

diseases. Certain mRNAs are short-lived, such as those of cytokines; others are long-lived, 
such as globin message. The regulation of mRNA lifetimes for particular proteins and 
particular cell types may be subject to various adverse effects, from infection to external 
stimuli, which alter the turnover and hence cellular physiology. In various conditions, 

25 altered expression of cellular proteins and cellular phenotypes may be consequences of 
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altered mRNA turnover. Pharmacological intervention of such altered mRNA turnover, to 
restore an altered turnover, or the induction of an altered turnover to achieve a benefit to the 
organism, are achievable based upon the systems and methods described herein. For 
example, a particular mRNA. such as that of the proinflammatory cytokine TNFa. is selected 
5 as a target for identification of small molecule modulators that may decrease the turnover, 
and this prolong the lifetime, and expression, of this protein by inflammatory ceils. Such 
modulators may provide substantial benefit in the treatment of certain immunological 
diseases wherein an increased secretion of TNFa is beneficial. Conversely, massive 
overproduction of TNFa in sepsis, or its adverse effects in rheumatoid arthritis and 
10 inflammatory bowel disease may be ameliorated by use of an agent which further increases 
the turnover ands thus decreases the expression of TNFa by inflammatory cells. 

The application of the invention herein to other mRNA species is embraced by the teachings 
herein. In particular, the methods of the present invention facilitate high throughput 
15 screening for the identification of modulators of RNA turnover, to be applied to the treatment 
or prophylaxis of disease. 

One aspect of the system and method of the present invention is monitoring the turnover of 
the target RNA sequence. This may be achieved by any one or a combination of various 

20 methods known to the skilled artisan, one of which is the provision of labeled RNA. The 
target RNA sequence of the present may be unlabeled, labeled, or a combination. For 
example, after setting up conditions under which the deadenylation and/or degradation of the 
unlabeled target RNA sequence occurs, its level may be assessed by any of a number of 
methods utilizing a labeled probe, such as by hybridization, or by way of UV absorbance, gel 

25 electrophoresis followed by specific or nonspecific staining, or using an amplification 
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system, such as phage polymerase, and then quantitation by a suitable amplification-based 
technique such as the molecular beacon method. Alternatively, and perhaps more simply, the 
target mRNA sequence may be labeled, and the extent of intact sequence or degraded RNA 
fragments readily quantitated. Labels such as a fluorescent moiety, a visible moiety, a 
5 radioactive moiety, a ligand, and a combination of fluorescent and quenching moieties. 
These non-limiting examples are provided for purposes of illustration only. 



Furthermore, optionally, an RNA molecule or a portion thereof, such as its poly(A) tail, may 
be detectably labeled using routine protocols readily known to a skilled artisan. Suitable 

10 labels include enzymes, fluorophores (e.g.. fluorescein isothiocyanate (FITC). phycoerythrin 
(PE), Texas red (TR). rhodamine, free or chelated lanthanide series salts, especially Eu 3+ , to 
name a few fluorophores). chromophores. radioisotopes, chelating agents, dyes, colloidal 
gold, latex particles, ligands (e.g.* biotin), and chemiluminescent agents. When a control 
marker is employed, the same or different labels may be used for the receptor and control 

15 marker. 



In the instance where a radioactive label, such as the isotopes 3 H. I4 C, 32 P, 35 S, 36 C1, 5, Cr, 57 Co, 
38 Co, 5t) Fe, yo Y. '"1. 131 1, and l86 Re are used, known currently available counting procedures 
may be utilized. Particular ribonucleotides bay be prepared using the appropriate isotopes, 
20 and the labeled RNA prepared by solid phase synthesis. Alternatively, moieties comprising 
the isotopes may be covalently bound to the RNA. In the instance where the label is an 
enzyme, detection may be accomplished by any of the presently utilized colorimetric, 
spectrophotometry, fluorospectrophotometric, amperometric or gasometric techniques 
known in the art. In a further example, biotin moieties may be incorporated into the RNA by 
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any number of means. Subsequently, the biotinylated RNA or degradation fragments may be 
quantitated by an avid in reagent. 

Direct labels are one example of labels which can be used according to the present invention. 
A direct label has been defined as an entity, which in its natural state, is readily visible, either 
to the naked eye. or with the aid of an optical filter and/or applied stimulation, e.g. U.V. light 
to promote fluorescence. Among examples of colored labels, which can be used according to 
the present invention, include metallic sol particles, for example, gold sol particles such as 
those described by Leuvering (U.S. Patent 4.3 13,734); dye sole particles such as described by 
Gribnau et al. (U.S. Patent 4.373,932) and May et al. (WO 88/08534): dyed latex such as 
described by May. supra, Snyder (EP-A 0 280 559 and 0 281 327); or dyes encapsulated in 
liposomes as described by Campbell et al. (U.S. Patent 4.703,01 7). Other direct labels 
include a radionucleotide. a fluorescent moiety or a luminescent moiety. In addition to these 
direct labelling devices, indirect labels comprising enzymes can also be used according to the 
present invention. Various types of enzyme linked immunoassays are well known in the art, 
for example, alkaline phosphatase and horseradish peroxidase, lysozyme, glucoses- 
phosphate dehydrogenase, lactate dehydrogenase, urease, these and others have been 
discussed in detail by Eva Engvall in Enzyme immunoassay ELISA and EMIT in Methods in 
Enzymology, 70. 419-439. 1980 and in U.S. Patent 4.857,453. 

Suitable enzymes include, but are not limited to. alkaline phosphatase and horseradish 
peroxidase. Other labels for use in the invention include magnetic beads or magnetic 
resonance imaging labels. 
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As noted herein, turnover of RNA occurs in two steps: deadenyiation, which is not dependent 
upon the presence of nucleotide triphosphates, and degradation, which is so dependent. The 
level of nucleoside triphosphates, including ribonucleotide and/or deoxyribonucleotide 
triphosphates. ATP. UTP, CTP. TTP, and/or OTP. in the cell extract may or may not be 
sufficient to permit the degradation aspect of RNA turnover to occur. In one embodiment of 
the present invention, the system described herein additionally comprises exogenously added 
nucleotide triphosphate, preferably ATP. 

It was noted during the development of the present invention that the inclusion of a reaction 
enhancer resulted in a slight stimulation in the efficiency of RNA degradation. This is likely 
to be due to its ability to promote macromoiecular complex formation in vitro. Therefore, 
the invention herein optionally includes the use of a reaction enhancer such as a polymer, to 
stimulate interaction among the components of the system. Non- limiting examples include 
polyvinyl alcohol, polyvinylpyrrolidone and dextran; polyvinyl alcohol is preferred. 

The above-described system which recapitulates in vitro the RNA turnover of preselected 
RNA sequences has several utilities, in particular, the identification of the role of endogenous 
factors and exogenous modulators in RNA turnover. The present invention is broadly 
directed to a method for identifying an agent capable of modulating the stability of a target 
RNA sequence comprising 

(A) preparing the system as described hereinabove; 

(B) introducing said agent into said system: 

(C) determining the extent of turnover of said target RNA sequence: and 

(D) identifying an agent able to modulate the extent of said turnover as capable 
of modulating the stability of said target RNA sequence. 
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The above method may additionally comprise added nucleotide triphosphate, preferably 
ATP, for the purposes described above. 

Agents whose activity in modulating RNA turnover may de detected in the aforementioned 
method include but is not limited to an RNA stability modifying molecule. 

As described above, the target RNA sequence may be selected as described above, depending 
on the particular RNA to be studied. The target RNA may be unlabeled target RNA 
sequence, labeled target RNA sequence, or the combination thereof. Labels include but are 
not limited to a fluorescent moiety, a visible moiety, a radioactive moiety, a Iigand. or a 
combination of fluorescent and quenching moieties. 

The monitoring the extent of turnover of said target RNA sequence comprises determining 
the extent of degradation of said labeled target RNA, by the methods described above. 

In particular, the present method may be directed to identifying agents capable of modulating 
the stability of a target RNA sequence which increases the stability of the target RNA 
sequence, or alternatively, decreasing the stability of the RNA sequence. 

In a particular embodiment, the agent is capable of modulating the activity of a AU rich 
element binding protein or a C-rich element, but it is not so limited. Examples of AU rich 
element binding proteins and C-rich element binding proteins are as described herein. 
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In a further embodiment of the present invention, a method is provided for identifying an 
agent capable of modulating the stability of a target RNA sequence in the presence of an 
exogenously added RNA stability modifier comprising 

(a) preparing the system as described hereinabove; 

(b) introducing said RNA stability modifier into said system; 

(c) introducing said agent into said system; 

(d) determining the extent of turnover of said target RNA sequence; and 

(e) identifying an agent able to modulate the extent of said turnover as capable 
of modulating the stability of said target RNA sequence in the presence of 
said exogenously added RNA stability modifier. 



This aspect of the invention is directed to identifying agents, in particular small molecules, 
capable of affecting the activity of a RNA turnover modulator. As described above, such 
small molecules may be screened to determine their effect on the RNA stabilizing or 

15 destabilizing ability of an endogenous mediator, which is added to the test system. 

Alternatively, it may be used to identify compounds which agonize or antagonize exogenous 
agents. The components of the system, including nucleotide triphosphate, the target RNA, 
labels, are as described above. In one aspect of this embodiment the RNA stability modifier 
increases the stability of said target RNA sequence, and in a further embodiment, the agent 

20 decreases the stability of said target RNA sequence increased by said RNA stability modifier. 
In another embodiment, the RNA stability modifier decreases the stability of said target RNA 
sequence, and in a further embodiment- the agent increases the stability of said target RNA 
sequence decreased by said RNA stability modifier. 
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Candidate series of RNA stability modifiers include the AU rich element binding proteins, 
but the invention is not limited to such factors. Examples of known proteins having such 
elements in the m RNA. and binding proteins to the elements, are described above, however, 
the invention is not limited to these examples. 

5 

Furthermore, in another embodiment the macromolecules that bind RNA that are removed 
from the cell extract in accordance with the aforementioned procedures may be added back to 
the system herein to investigate their role in RNA turnover as well as the effect of agents, in 
particular small molecules, on RNA turnover modulated by these macromolecules that bind 
10 RNA. This embodiment may be applied to any of the methods described herein. In yet 

another embodiment, the target RNA may be loaded with a macromolecule that binds RNA 
prior to addition to the system herein, for the same purposes stated above. 

As noted above, the cell extract used in any of the methods described herein may be partially 
15 purified. 



A method is also provided for identifying an agent capable of modulating the deadenylation 
of a target RNA sequence comprising 

(A) preparing the system of the present invention in the absence of a nucleotide 
20 triphosphate; 

(B) introducing said agent into said system; and 

(C) monitoring the deadenylation of said target RNA sequence in said system. 



25 



A further method is provided for identifying an agent capable of modulating the 
deadenylation and degradation of a target RNA sequence comprising 
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(A) preparing the system of the present invention in the presence of ATP; 

(B) introducing said agent into said system: and 

(C) monitoring the deadenyiation and degradation of said target RNA sequence 
in said system. 

Method are also provided herein for identifying an agent capable of modulating cell growth 
or cell differentiation in a mammal comprising determining the ability of said agent to 
modulate the stability of a target RNA sequence involved in the modulation of cell growth or 
differentiation, utilizing the aforementioned methods. The agent capable of modulating cell 
growth or cell differentiation may intervene in cellular transformation, or in immune 
dysregulation. 



A further embodiment of the present invention is directed to a method for identifying, 
characterizing or isolating an endogenous molecule suspected of participating in the 
deadenyiation or degradation of RNA or regulation thereof comprising 

(A) providing the system of the present invention as described above; 

(B) introducing said protein suspected of participating in the regulation of RNA 
turnover into said system; 

(C) monitoring the stability of said target RNA sequence in said system; and 

(D) identifying, characterizing or isolating said endogenous molecule able to 
modulate said deadenyiation or degradation as capable of participating in the 
deadenyiation or degradation of RNA or regulation thereof. 

The molecule suspected of participating in the deadenyiation or degradation of RNA or 
regulation thereof may be protein or RNA. 
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In another embodiment of the present invention, a method is provided for identifying an 
agent capable of modulating the degradation a target RNA sequence in the absence of 
deadenylation comprising 

(A) providing a ceil extract in the presence of a nucleotide triphosphate; 

(B) introducing said agent into said cell extract: and 

(C) monitoring the degradation of said target RNA sequence in said extract. 



The present invention is also directed to kits for monitoring the stability of a preselected 
10 target RNA sequence under conditions capable of recapitulating regulated RNA turnover. 
Such kits comprise: 

(a) cell extract optionally depleted of activity of proteins that bind 
polyadenylate: 

(b) other reagents; and 

15 (c) directions for use of said kit. 



A kit may further comprising nucleotide triphosphates, a reaction enhancer, a target RNA 
sequence. RNA binding proteins. RNA stability modifiers, or any combination thereof. It 
will be seen by the skilled artisan that the kits of the invention provide the components for 

20 carrying out the various methods disclosed herein, such as identifying agents and endogenous 
factors that modulate RNA turnover, identifying agents which modulate the RNA turnover 
activity of various factors involved in RNA turnover, and others, in particular use in the 
screening of small molecules for identifying potentially useful therapeutic agents for the 
prophylaxis and/or treatment of various conditions or diseases benefitted by modulating 

25 RNA turnover. The kits may be prepared to investigate either RNA deadenylation, RNA 
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degradation, or both, depending on the components as described above. Furthermore, the cell 
extract may be partially purified. The kit may include reagents for depleting activity of 
proteins present in the extract which bind polyadenylate: such reagents, such as 
polyadenylate, polyadenylate bound to a matrix, an antibody to proteins that bind 
5 polyadenylate, and such an antibody bound to a matrix. 

The present invention may be better understood by reference to the following non-limiting 
Examples, which are provided as exemplary of the invention. The following examples are 
presented in order to more fully illustrate the preferred embodiments of the invention. They 
10 should in no way be construed, however, as limiting the broad scope of the invention. 

EXAMPLE I 

ELAV Proteins Stabilize Deadenvlated Intermediates in a Novel In Vitro mRNA 
Deadenvlation/Degradation Svstem 

15 

Set forth herein is a novel in vitro mRNA stability system using Hela cell cytoplasmic SI 00 
extracts and exogenous polyadenylated RN A substrates that reproduces regulated aspects of 
mRNA decay (turnover). The addition of cold poly(A) competitor RNA activated both a 
sequence-specific deadenylase activity in the extracts as well as a potent ATP-dependent 

20 ribonucleolytic activity. The rates of both deadenylation and degradation were up-regulated 
by the presence of a variety of AU-rich elements in the body of substrate RNAs. 
Competition analyses demonstrated that mmv-acting factors were required for RNA 
de-stabilization by AU-rich elements. The -30 kDa ELAV protein, HuR, specifically bound 
to RNAs containing an AU-rich element derived from the TNF-a mRNA in the in vitro 

25 system. Interaction of HuR with AU-rich elements, however, was not associated with RNA 
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destabilization. Interestingly, recombinant ELAV proteins specifically stabilized 
deadenylated intermediates generated from the turnover of AU-rich element-containing 
substrate RNAs. Thus, mammalian ELAV proteins play a role in regulating mRNA stability 
by influencing the access of degradative enzymes to RNA substrates. 

5 

The relative stability of mRNA is an important regulator of gene expression. The half-life of 
a specific mRNA can play a role in determining both its steady state level of expression, as 
well as the rate at which its gene product is induced (reviewed in Ross, 1995; Caponigro and 
Parker. 1996). Furthermore, mutations that affect the stability of mRNAs encoding 

10 regulatory factors can promote oncogenic transformation and immune dysregulation (Aghib 
et al.. 1990; Schiavi et al., 1992). In general, many short-lived proteins, including those 
derived from cytokines and proto-oncogenes, are encoded by short-lived mRNAs. Several 
mRNAs that encode stable proteins, such as a-globin. have also been shown to have 
extraordinarily long half-lives (Holcik and Liebhaber. 1997). In addition, surveillance 

1 5 mechanisms that identify and reduce the half-lives of aberrant mRNAs that contain nonsense 
codon mutations have been described (Maquat. 1995; Jacobson and Peltz, 1996). Therefore, 
regulation of the half-life of mRNAs can have dramatic consequences on cellular responses 
and functional outcomes during growth and development. 

20 Through the application of genetics, the mechanisms and factors involved in the turnover of 
mRNA in Saccharomyces cerevisiae are beginning to be identified. Multiple pathways of 
mRNA turnover are present in yeast, allowing for numerous levels of regulation and 
fine-tuning of gene expression. One general pathway of mRNA decay involves poly(A) tail 
shortening followed by decapping and 5'-to-3* exonucleolytic decay (Muhlrad et al., 1994). 

25 A second general pathway involves deadenylation followed by 3*-to-5' turnover of the body 
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of the mRNA (Anderson and Parker. 1998). Endonucleolytic cleavage of some mRNAs has 
also been demonstrated (Presutti et aL 1995). Finally, another alternative decay pathway 
that bypasses deadenyiation is involved in the translation-dependent degradation of nonsense 
codon-containing mRNAs (Weng et aL, 1997). Several degradation enzymes and regulatory 
5 proteins that play a role in mRNA stability in yeast have been identified (Caponigro and 
Parker, 1996; Weng et aL, 1997). Functionally significant interactions between the cap 
structure and the 3" poIy(A) tail of yeast mRNAs have also been described (Tarun and Sachs, 
1997). Whether these observations are generally applicable to mammalian ceils, however, 
remains to be established. 

10 

In vivo observations are beginning to allow some generalizations concerning major pathways 
of mRNA turnover in mammalian cells. A poly(A) tail of approximately 200 bases is added 
to most mRNAs during processing in the nucleus (Colgan and Manley, 1997). The poly(A) 
tail serves at least two known functions in mRNA stability. First, in association with poly(A) 

15 binding proteins (Bernstein et aL, 1989; Ford et aL. 1997), it protects the mRNA from 

3'-to-5 ? exonucleases. Second, the poly(A) tail serves as an initiation site for the turnover of 
the mRNA. The poly(A) tail can be progressively shortened throughout the lifetime of a 
mRNA in the cytoplasm. Controlling the rate of deadenyiation appears to be an important 
regulatory point in mRNA stability (Wilson and Treisman, 1988; Xu et aL, 1997). Once the 

20 poly(A) tail is shortened to approximately 30-65 bases, the body of the mRNA appears to be 
degraded in a rapid fashion in vivo without the accumulation of discernible intermediates 
(Chen et aL, 1995: Xu et aL, 1997). Little is known, however, concerning the enzymes and 
regulatory components involved in mammalian mRNA turnover. 
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In addition to the poly( A) tail, several cw-acting elements have been shown to play a role in 
mRNA stability. The 5' terminal cap structure protects the transcript from exonucleases 
(Furuichi et aL. 1977). Several destabilizing elements (Caput et aL 1986: Shyu et al., 1989; 
Bbnnieu et ah, 1990: Peng et al.. 1996). as well as stabilizing elements (Stefonovic et aL, 
5 1997), located in the body of the mRNA have also been identified. One well-characterized 
element that regulates mRNA stability is an AU-rich sequence (ARE) found in the 3' 
untranslated region of many short-lived mRNAs (Shaw and Kamen, 1986). These AREs 
primarily consist of AUUUA repeats or a related nonameric sequence (Lagnado et aL, 1994; 
Zubiaga et aL, 1995: Xu et aL. 1997) and have been divided into three classes based on 
10 sequence characteristics and degradation kinetics (Xu et aL. 1997). In general. AREs have 
been shown to increase the rate of deadenylation and RNA turnover in a 
translation-independent fashion (Chen et aL. 1995; Fan et aL. 1997). The underlying 
mechanism behind ARE function, however, remains to be determined. 



15 Numerous proteins have been described that can bind in vitro to AU-rich elements (e.g. 

Matter, 1989: Vakalopoulou et aL, 1991; Bohjanen et aL, 1991; Brewer. 1991; Levine et al., 
1993; Hamilton et aL. 1 993; Katz et aL, 1 994; Nakagawa et aL, 1 995: Ma et aL, 1996), but 
the exact role of each factor in the process of mRNA turnover remains to be defined. The 
ELAV family of ARE-binding proteins is evoiutionarily conserved and differentially 

20 expressed in tissues throughout the development of vertebrates (reviewed in Antic and 
Keene. 1997). Although ELAV proteins have been found in both the cytoplasm and the 
nucleus (Gao and Keene. 1996), the most ubiquitously expressed form, HuR, can shuttle 
between the nucleus and the cytoplasm (Fan and Steitz. 1998: Peng et aL, 1998; Atasoy et al. 
1998). ELAV proteins play an important role in growth and development, as the Drosophila 

25 homolog is genetically essential for development and maintenance of the nervous system 
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(Campos et aL 1985; Robinow and White. 1988). In addition, mammalian ELAV proteins 
are induced during differentiation and are distributed in RNP granules along dendrites (Gao 
and Keene. 1996). Several lines of evidence suggest that ELAV proteins control aspects of 
post-transcriptional gene expression (Gao and Keene. 1996: Koushika et aL 1996; Myer et 
5 aL 1997; Ma et aL 1997: Antic and Keene. 1998). Over-expression of ELAV family 

members, for example, has been shown to affect accumulation of selected mRNAs (Jain et 
aL 1997; Levy et aL 1998; Fan and Steitz. 1998; Peng et aL. 1998). The precise role of 
ELAV proteins and other ARE-binding factors, however, remains to be established. 

10 Mechanistic questions in mammalian cells are usually best approached using biochemical 
systems due to the inherent difficulties with mammalian cells as a genetic system. It has 
been difficult, however, to establish a versatile in vitro system to study mRNA stability and 
turnover. Based on in vivo observations and practical considerations, an optimal in vitro 
system to study the process of mRNA stability should have the following properties: First 

15 the system should be efficient and highly reproducible. Second, minimal amounts 
(preferably undetectable) of RNA degradation in the system should be due to random 
degradation by non-specific contaminating ribonucleases. Third, deadenylation should occur 
before general degradation of the mRNA body is observed. Fourth, degradation of the 
mRNA body should occur in an apparently highly processive fashion without detectable 

20 intermediates. Fifth, regulation of the rate of overall deadenylation and degradation should 
be observed in a sequence-specific manner. Finally, the system should work on exogenous 
RNAs to allow ease of experimental manipulation. 

Reported herein is the discovery of a new and useful in vitro mRNA stability system using 
25 cytoplasmic SI 00 extracts that fulfills all of the criteria listed above and possesses all of the 
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properties known to be involved in A RE- mediated mRNA turnover. This system has been 
successfully used to demonstrate a role for the AU-rich element binding proteins of the 
ELAV family in mRNA stability. These findings indicate that ELAV proteins can affect a 
default pathway of ARE-mediated degradation by either protecting the mRNA from nuclease 
5 attack or by displacing factors that otherwise mark, these short-lived transcripts for 

degradation. This in vitro system allows the identification of cellular factors involved in 
mRNA turnover and help elucidate mechanisms involved in the post-transcriptional 
regulation of gene expression. 



0 Moreover, the in vitro system of the invention has ready applications in high throughput 

assays to screen libraries of compounds to elucidate which compounds may have applications 
as pharmaceuticals which can modulate the stability and turnover of RNA transcripts in vivo, 
and thus be used to treat a wide variety of disease or disorders. 

5 i- Development of an In vitro System that Deadenvlates and Degrades RNA Substrates 

The development of an in vitro system to study mRNA turnover requires the generation of a 
convenient source of poly(A) + RNA substrate and an active cellular extract. In order to 
obtain substrate RNAs that were both polyadenylated and easy to identify using standard 

0 acryiamide gel technology, a novel and versatile ligation-PCR approach that can attach a 

template encoding a 60 base poly(A) tail to the 3^ end of DNA fragments that contain a Hind 
III site was used, and is described infra. In initial studies to develop an in vitro RNA 
stability system, a 60 base poly(A) tail was attached to a 54 base polylinker-derived sequence 
(Gem-A60). The small size of this polyadenylated transcript made it easy to analyze 

5 intermediates in the pathway of RNA turnover on acryiamide gels. Cellular extracts were 
prepared following a standard cytoplasmic S100 protocol (Dignam et aL 1983) using 
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hypotonicaliy iysed Hela spinner cells with minor variations as described in the Materials 
and Methods. 

Gem-A60 RNA was incubated in SI 00 extracts in the presence of ATP. As seen in Fig. 1A 
5 (left panel), very little turnover of the Gem-A60 RNA was noted after 60 minutes of 
incubation. This reproducible slow rate of turnover prompted us to hypothesize that an 
inhibitor of the deadenyiation/degradation process might be present in SI 00 extracts. This 
hypothesis was based on several observations. First previous work with nuclear extracts 
determined that poly(A) binding proteins were strong inhibitors of a 3^to-5' exonuclease 

10 activity (Ford et aL 1997). Second, the activity of a partially purified mammalian 

deadenylase preparation was inhibited by high amounts of PABP (Korner and Wahie, 1997). 
Third, over-expression of PABP in Xenopus oocytes inhibits maturation-specific 
deadenylation (Wormington et aL 1996). In order to test whether excess amounts of poly(A) 
binding proteins were responsible for inhibiting the deadenylation of Gem-A60 RNA in SI 00 

15 extracts, increasing amounts of cold poly(A) competitor RNA were added to the reaction 

mixtures to sequester poly(A) binding proteins. As shown in Fig 1 A (right side), the addition 
of poly(A) competitor activated a degradation activity in the SI 00 extracts. The Gem-A60 
RNA was shortened to a species slightly larger than the size of a deadenylated marker 
(Gem- AO) and approximately 30% of the input RNA was degraded. Titration experiments 

20 performed in coordination with UV cross-linking studies demonstrated that the amount of 
poly(A) competitor RNA required to activate the SI 00 extract precisely corresponded with 
the ability of the competitor to inhibit binding of proteins to the poly(A) tail of the substrate 
RNA (data not shown). Furthermore, the nucleolytic activities activated by the addition of 
cold poly(A) RNA as competitor to the S 1 00 extracts were still observable at concentrations 
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of poIy(A) >500 ng. These data suggest that the activated nuclease(s) is highly refractory to 
competition by poly(A). 

The progressive shortening of the Gem-A60 RNA substrate observed upon incubation in 
5 S 1 00 extract supplemented with poly(A) competitor RNA was determined to be due to a 
3'-to-5\ poly(A) tail-specific exonuclease based on the following observations: First RNA 
substrates 32 P-labeled exclusively at their 5' cap structures were progressively shortened in 
the system in a similar fashion as uniformly labeled transcripts (compare Figs. I A and IB). 
These data suggest that the shortening of the input RNA occurred in a 3 , -to-5 , direction. 

1 0 This conclusion was confirmed by separately analyzing the 5* and 3 ? portions of RNA 
products from the in vitro system by RNAse H digestion prior to gel electrophoresis. As 
shown in Fig. 1C, the 3* portion of the substrate RNA (which consists primarily of the 60 
base poiy(A) tail) was clearly being degraded before any turnover of the 5 ? portion of the 
transcript was detected. After 9 minutes of incubation. 72% of the 3' fragment containing 

15 the poly(A) tail is degraded, while only 19% of the 5* fragment has been turned over. 
Finally, in order to ascertain whether this 3'-to-5 ? exonuclease activity was indeed a 
po!y(A)-specific deadenylase. we added 1 5 bases of non-adenylate sequence onto the V end 
of the Gem-A60 RNA (Gem-A60-1 5). As seen in Fig. ID, while the Gem-A60 transcript 
(which contains a 3' poly(A) tail) is an excellent substrate for the 3" exonuclease activity, the 

20 Gem-A60-1 5 RNA. which has its poly(A) tract internalized 1 5 bases, was not. 

From these data it has been concluded that the addition of poly(A) competitor RNA to an 
SI 00 extract activates a deadenylase which is active on exogenous. poly(A)+ substrate 
RNAs. The in vitro system reproduces several aspects of mRNA stability observed in vivo. 
25 The surprising observation that the deadenylase itself is not apparently inhibited by cold 
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poly(A) suggests that the native enzyme may not have high affinity for its substrate. The 
deadenyiase activity may contain additional RNA binding activities that anchor it to mRNAs, 
perhaps as part of a multi-component complex. 

5 ii. RNA turnover in the in vitro system is regulated bv AU-rich instability elements. 
It was determined whether the RNA turnover activities exhibited by the SI 00 extract system 
could be influenced or modulated by sequences in the body of the transcript in a specific 
manner. The relative stability of small polyadenylated RNAs containing either a 54 base 
polylinker sequence (Gem-A60), a 34 base AU-rich element (ARE) from TNF-a mRNA 

10 (ARE-A60). or a 72 base ARE from the c-fos mRNA (Fos-A60) was determined in the in 
vitro stability system. As shown in Figs. 2 A and 2B, the turnover of both of the 
ARE-containing RNAs was dramatically increased compared to the Gem-A60 control 
transcript. To directly assess whether regulation by AREs was occurring in a 
sequence-specific fashion, the TNF-a- ARE was extensively mutated as described in 

15 Materials and Methods. Similar mutations in AU-rich instability elements were shown 

previously to greatly increase mRNA half-life in vivo (Myer et al., 1997). As seen in Fig 2C, 
mutations in the ARE reduced the rate and extent of deadenylation /degradation over 3-fold 
in the in vitro system. Tims. RNA turnover in the in vitro system can be regulated or 
modulated by AU-rich instability elements in a sequence-specific fashion. 

20 

All of the RNA substrates we have examined above contain a body of approximately 50-70 
bases attached to a poly(A) tail. It was then determined whether regulated turnover using 
larger polyadenylated RNA substrates could be detected in the system of the invention. As 
shown in Fig. 2D. a polyadenylated 250 base RNA derived from the 3' UTR of the SV40 late 
25 mRNA (SV-A60) was deadenylated but inefficiently degraded in the in vitro system. Adding 
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the TNF-a-ARE to the 3' portion of this RNA (SVARE-A60) resulted in an approximate 3.5 
fold increase in the rate of turnover. Finally, a nearly full length (-950 base) version of the 
human GM-CSF mRNA was prepared, as well as one in which the ARE was deleted 
(GM-CSF(-ARE)). The 3* ends of these transcripts were polyadenylated using yeast poly(A) 
5 polymerase (Martin and Keller. 1998). Gel purified RNAs were incubated in the in vitro 
stability system and aliquots were removed at the times indicated. As seen in Fig 2E, the 
version of the GM-CSF mRNA that contains an ARE was approximately 2.5 fold less stable 
than GM-CSF(-ARE) in the in vitro system. As seen above with other transcripts, the 
GM-CSF transcripts were also deadenylated in the system. Deadenylation was not 
10 observable in Fig 2E due to the lack of resolution of the gel system employed, but can be 
observed using formaldehyde-agarose gels (data not shown). 

iii. Degradation, but not deadenylation. requires ATP 

Transcripts with 60 adenylates at the 3' end were observed to undergo both deadenylation 
1 5 and turnover in the in vitro system. This is consistent with in vivo observations that suggest 
the poly(A) tail is shortened to about 30-65 bases before mRNA turnover is observed (Xu et 
al., 1 997). Since degradation appeared to begin before the input transcript was completely 
deadenylated (eg. Fig. 2). it was difficult to quantitatively assess the effects of AU-rich 
elements on relative deadenylation rates. In order to try uncoupling these processes and 
20 accurately evaluate the effect of AREs on deadenylation rates in the in vitro system, we 

surveyed the cofactor requirements that might be unique to either deadenylation or turnover. 
Both processes were inhibited by the addition of EDTA (data not shown), suggesting a role 
for divalent cations. Curiously, deadenylation could occur without the addition of 
ATP/phosphocreatine to the system (Fig. 3 A). Degradation, on the other hand, required 
25 ATP/phosphocreatine as indicated by the accumulation of deadenylated intermediates in its 
absence (Fig. 3 A, lanes - ATP). By omitting ATP from the reaction, therefore, we were able 
to evaluate relative deadenylation rates in the presence or absence of an AU-rich instability 
element. RNAs with physiological length poly(A) tails ( 150-200 bases) which lack 
(SV-A 150-200) or contain (S V ARE- A 1 50-200) an ARE were incubated in the in vitro 
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system and aliquots were analyzed at the times indicated. As seen in Fig. 3B, RNA 
substrates containing an ARE were deadenyiated at an approximately two fold faster rate 
than RNAs that do not contain the instability element. 

5 In summary, an in vitro inRNA stability system has been discovered that acts on exogenous 
substrates and faithfully reproduces ail of the known in vivo aspects of turnover. RNAs are 
first deadenyiated prior to degradation of the body of the transcript. Degradation of the body 
of the mRNA then occurs in an apparently highly processive fashion with no discernible 
intermediates. Deadenylation and decay rates are increased several fold by the inclusion of 
10 an AU-rich instability element. ARE regulation of RNA stability is sequence-specific and 

highly reproducible, as all three of the AREs we have tested in the in vitro system function in 
a similar fashion. This system should provide a valuable means to elucidate mechanistic 
aspects of regulated and general mRNA turnover pathways. 

15 iv. The role of ARE binding proteins in the in vitro system. 

The in vitro system described here allows evaluation of the role of ARE-binding proteins in 
the process of RNA deadenylation/degradation. Several proteins were found to be associated 
with ARE-containing RNAs in our extracts. As seen in Fig. 4A, a protein of -30 kDa and a 
group of -40 kDa proteins were specifically UV cross-linked to the short ARE-A60 

20 transcript. A species of approximately 70 kDa was also detected when this ARE was inserted 
into a larger transcript (SVARE-A60; see Fig. 5B). It is possible that this 70 kDa protein was 
not detected on the ARE-A60 RNA because of the relatively small size of the transcript. 
Efforts to determine the identity of these cross linked species using available antibodies to 
known ARE-binding proteins revealed the presence of an ELAV protein. As shown in Fig. 

25 4B, immunoprecipitation assays identified the 30 kDa protein as HuR (a.k.a. HuA), a 
member of the ELAV protein family that is ubiquitously expressed in all tissues (Good, 
1995; Ma et al., 1996: Myer et al., 1997). Antisera against another RNA-binding protein of 
approximately 30 kDa. hnRNP Al. failed to detect any cross linked protein in our system 
(Fig. 4B). Two additional antisera were tested in order to identify the 40 kDa band. 

30 Antibodies to hnRNP C protein failed to detect any cross linked protein . while antisera to 
AUF-1 (a.k.a. hnRNP D)(Bre\ver. 1991) did precipitate a small amount of cross linked 40 
kDa protein (data not shown). However, this cross linked product was not competed by 
increasing amounts of a 34 base synthetic ARE competitor RNA (data not shown). The 
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significance of this low level of non-specific AUF-1 cross linking in the system is unclear. It 
was concluded that the 30 kDa species that specifically cross links to the ARE element is 
HuR. a protein that has been previously suggested to play a role in ARE-mediated mRNA 
decay (Vakaloioupou et ak 1991; Antic and Keene. 1997: Myer et ak, 1997). 

5 

Next it was determined whether the interaction of the cross linked ARE binding proteins 
with the element was required to mediate instability. Synthetic ribonucleotides containing 
either a 34 base TNF-a ARE or randomly chosen. non-ARE sequences were used. Synthetic 
competitor RNAs were added in increasing amounts to the in vitro stability system and their 

10 effect on RNA turnover was assessed. As seen in Fig. 5 A. the ARE competitor RNA 

completely inhibited deadenylation and degradation at 40 pm. while the non-specific RNA 
had no effect at similar concentrations. The ARE competitor RNA had a similar effect on the 
deadenyiation/degradation of RNAs whether or not they contained an ARE. Thus, factors 
capable of interacting with AREs are important for deadenylation. and may be a part of a 

1 5 multi-protein deadenylase/degradation complex. 

The ability of the synthetic ARE competitor RNA to block deadenylation was compared with 
the ability of the RNA to compete for interaction of ARE-binding proteins with the substrate 
transcript. EDTA was added to cross-linking assays to inhibit RNA turnover and to evaluate 

20 the effect of various levels of competitor on cross-linking/label transfer efficiency. As 
shown in Fig. 5B. all ARE-binding proteins (including HuR protein that could be 
immunoprecipitated using specific antisera prior to gel electrophoresis as shown in panel C) 
were specifically competed from the SV-ARE-A60 RNA substrates upon addition of 5 pm of 
the synthetic RNA competitor. As shown in Fig. 5A, however, 5 pm of synthetic ARE 

25 competitor RNA failed to have an appreciable effect on the rate of RNA 

deadenyiation/degradation in the system. Hence, none of the ARE-binding proteins that 
could be detected by cross-linking appear to be required for deadenyiation/degradation in the 
in vitro system. 

30 v. ELAV proteins prevent degradation of deadenvlated transcripts in the in vitro 

system 

Since the ARE binding proteins we detected by cross-linking do not appear to be required for 
deadenyiation/degradation. they may play a role in transcript stability. Consistent with this 
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model, recent in vivo data suggest that overexpression of Hel-N 1 and HuR proteins can 
stabilize ARE-containing transcripts (Jain et aL 1997: Fan and Steitz. 1998; Peng et ai., 
1998). A mouse recombinant HuR protein, as well as other members of the ELAV family 
(Hel-N 1 and Hel-N2 [a.k.a. HuB]) were produced as GST fusion proteins and added these to 
5 the in vitro stability system at a 1 0: 1 molar ratio to substrate RN A. Similar data were 
obtained using any of the three recombinant ELAV family proteins, and only data with 
rHei-Nl is shown. As seen in Fig. 6A, rHei-N 1 protein failed to affect deadenylation of the 
SVARE-A60 RNA substrate in the in vitro system, but stabilized a deadenylated 
intermediate. GST alone, or another GST-fusion protein that binds RNA (hnRNP H') had no 
10 effect on transcript stability in the in vitro system (Fig. 6B). As a result it was concluded 
that the ELAV family of RNA binding proteins function to protect deadenylated transcripts 
from the degradation enzymes. 

Next, it was tested whether the RNA substrate must contain an ARE in order for rELAV 
15 proteins to stabilize a deadenylated intermediate in the in vitro system. ARE-A60 RNA, or 
an unrelated but similarly sized and polyadenylated transcript, CX-A60. were incubated in 
the in vitro system in the presence or absence of rELAV proteins. As seen in Fig. 6C, 
rHelNl (or other rELAV proteins [data not shown]) stabilized the deadenylated intermediate 
only from RNAs that contain an ARE binding site. Thus, the stabilization of deadenylated 
20 intermediates by ELAV proteins requires an ARE. Furthermore, ELAV proteins can 
stabilize a deadenylated intermediate whether the ARE is located at the 3', 5" or central 
positions of the 250 base SVARE-A60 RNA. These data indicate that the ARE-ELAV 
protein complex probably is not simply preventing turnover through steric blocking of an end 
of the transcript, thereby preventing exonuciease access. 

25 

Set forth herein is a novel and useful in vitro RNA stability system that faithfully reproduces 
many known aspects of in vivo mRNA turnover in mammalian cells. Exogenous RNA 
substrates are deadenylated before degradation of the RNA body occurs in an apparently 
highly processive fashion without detectable intermediates. Furthermore, the rates of RNA 
30 deadenylation and degradation are regulated by AU-rich elements in the system in a 
sequence-specific manner. The system of the invention has been successfully used to 
determine a role for the ELAV family of ARE binding proteins in the stability of 
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deadenylated transcripts by specifically blocking the degradation step. These data illustrate 
the value of the system to address the mechanism of regulated mRNA turnover. 

The in vitro system described in this report has several key technical advantages that 
5 significantly increase its utility. First the system is highly reproducible and uses standard 
SI 00 cytoplasmic extracts from Hela spinner cells. In fact, nine independent preparations of 
SI 00 extract that all function in the assay in a similar fashion have been tested. The only 
difference among extracts appears to be in the kinetics of turnover (e.g. compare the slight 
differences in the pattern of turnover of Gem-A60 RNA in Fig. 1 A with the pattern observed 

10 in Fig. ID). Second, the extracts exhibit minimal background degradation of RNA due to 
non-specific nucleases. This lack of noise in the system significantly contributes to its 
reproducibility. Another key element of the system is that is uses exogenous polyadenylated 
RNAs as substrates. This property affords variety in RNA substrate preparation and 
sequence manipulation. Fourth, the system exhibits sequence-specific regulation by AU-rich 

15 elements in the absence of translation. In total, these technical advantages make the system a 
valuable reagent to identify components involved in m RNA turnover and address the 
mechanism of regulated mRNA stability. 

The addition of poly(A) competitor RNA was required to activate SI 00 extracts to efficiently 
20 deadenylate and degrade RNAs in a regulated manner. Titration of cold poly(A) 

demonstrated that the extracts became activated for deadenyiation/degradation when 
sufficient competitor was added to substantially reduce cross linking of a 70 kDa poly(A) 
binding protein to the poly(A) tail of the radiolabeled substrate RNA (data not shown). 

25 Surprisingly, the deadenylation in the extracts remain active even in the presence of >500 ng 
of poiy(A). Commercial poly(A) preparations prepared with polynucleotide phosphorylase, 
therefore, do not appear to be able to interact with and sequester the deadenylase enzyme. 
These data suggest that the deadenylase activity is either in extraordinary concentrations in 
the extracts or may not have a strong affinity for its substrate. In conjunction with this, it has 

30 been observed that an increase in deadenylation rate of ARE containing RNAs (Figs. 2 and 
3), as well as the ability of the ARE competitor RNA to inhibit deadenylation of non-ARE 
containing substrates. These data suggest that ARE-binding proteins may be associated with 
the deadenylase activity. 
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Moreover, HuR protein, a ubiquitously expressed member of the ELAV family of RNA 
binding proteins (Good. 1995: Ma et ai., 1996; Myer et ah. 1997; Antic and Keene. 1997), 
has been identified as one of the major ARE binding factors in the system of the invention. 
5 Also, the system of the invention has been successfully used to detect weak binding to 

AUF-1 (hnRNP D), a protein previously speculated to be involved in regulated mRNA decay 
in vitro (DeMaria and Brewer. 1 996). AUF-1 . therefore, does not appear to play a 
significant role in transcript instability in our system. ELAV proteins are not required for 
deadenylation/degradation, but rather play a role in the stability of deadenyiated RNAs that 
10 contain an ARE (Fig. 6). These data suggest that in addition to its effect on deadenylation 

rates (Chen et ah, 1995: Xu et aL 1997), the ARE influences the efficiency of turnover of the 
body of the mRNA. In vivo observations (Chen et ah. 1995; Xu et ai., 1997; Peng et aL 
1998) also support the conclusion that ARE influences mRNA degradation rates. 

15 ELAV proteins, therefore, appear to regulate mRNA stability in vitro, an observation 

consistent with in vivo transfection studies. The ELAV family comprises four members, 
three of which are expressed in a tissue or developmental specific manner (reviewed in Antic 
and Keene, 1997). Tissue-specific ELAV proteins are also localized primarily to the 
cytoplasm, while the ubiquitous HuR protein is predominantly nuclear and can redistribute to 

20 the cytoplasm (Atasoy et al., 1998; Peng et at., 1998; Fan and Steitz, 1998). It has been 

suggested that differentially expressed ELAV proteins play a role in regulating the stability 
of both nuclear and cytoplasmic RNA, thereby fine tuning gene expression in specific 
developmental states (Gao and Keene. 1996: Antic and Keene. 1998). 

25 The competition data shown in Fig. 5 clearly demonstrate that factors associated with the 

ARE are required for deadenylation/degradation of substrate RNAs. Based on the kinetics of 
competition, these factors must either be much more abundant than the cross-linkable ARE 
binding proteins like HuR. or interact with the ARE with a much lower affinity. We favor 
the latter model, and suggest that these factors are pan of a multi-component complex that 

30 includes the deadenylase and degradation enzymes. Through multiple cooperative 

interactions, these weak ARE binding components may allow efficient assembly of the 
deadenylase/degradation complex on ARE containing transcripts while still allowing the 
complex to assemble, albeit less effectively, on non-ARE containing RNAs. The RNA 
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binding components of this proposed complex aiso may have af finity for other non-ARE 
instability elements (e.g. Peng et aL 1996). 

The observation that endogenous HuR protein in SI 00 extracts set forth herein can be 
5 cross-linked to ARE-containing RNA substrates (Fig. 5) makes it surprising that an ARE can 
function as a destablizing element in the in vitro assay. Since HuR protein is predominantly 
nuclear, however, only low levels of the protein are likely to be present in our cytoplasmic 
extracts. This low level of HuR protein is probably unable to efficiently compete with 
destablizing factors for binding to the ARE. In fact, sequestration of the HuR protein by the 

10 addition of low levels of synthetic ARE competitor RNA does lead to an increased rate of 
turnover of ARE-containing RNAs in the /'// vitro system. As shown in Fig. 5 A. the amount 
of SVARE-A60 RNA remaining after 30 min. in the system in the absence of competitor 
RNA (lane 0) is approximately 20% greater than when the assay is done in the presence of 5 
pm of ARE competitor RNA (lane 5 pm). The removal or sequestration of HuR protein in 

15 S 1 00 extracts, therefore, may be necessary in order to observe regulated deadenylation and 
degradation in some instances. 

Materials and Methods 

20 Transcription templates and RNAs 

RNAs were produced by in vitro transcription using SP6 polymerase (Melton et aL, 1984) in 
the presence of 7m GpppG cap analog and radiolabeled UTP or ATP as indicated. All 
transcripts were gel purified prior to use. For RNAs labeled exclusively at the 5* cap, 
transcription reactions were performed in the absence of cap analog and radioactive 

25 nucleotides. Capping was then performed using guanyitransferase (BRL) and radiolabled 
GTP according to the manufacturer's recommendations. The sequence of short RNAs used 
as substrates in the in vitro system is shown in Table 1 . 

Transcription templates were derived as follows (Please note that all synthetic 
30 oligonucleotides used as transcription templates shown below contain a 24 base SP6 

promoter fragment at their 5* ends): Gem-AO RNA was produced from Hind III cut pGem4 
(Promega). Gem-A60- 1 5 RNA was produced from the PCR product used to produce 
Gem-A60 RNA (see below) without removing the primer binding site with Ssp 1. Templates 
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for ARE-AO RNA were generated by hybridizing the synthetic oligonucleotide 

5'-ATTTAGGTGACACTATAGAATACACATTATTTATTATTTATTTATTATTTATTTA 
TTTA-3 9 (SEQ ID NO: 1 ) and its appropriate complement. Templates for MT-ARE-AO RNA 
were generated by hybridizing the synthetic oligonucleotide 

5 5 V -ATTTAGGTGACACTATAGAATACACGTTAGTATTCATTTGTTTACTATTGATTTC 
TTTA-3 ? (SEQ ID NO:2) and its appropriate complement. Templates for Fos-AO RNA were 
generated by hybridizing the synthetic oligonucleotide 

5 ? -ATTTAGGTGACACTATAGAATACACAAATTTTATTGTGTTTTTAATTTATTTATT 
AAG ATGGATTCTC-3 * (SEQ ID NO:3) and its appropriate complement. The template for 

10 SV-AO RNA was Hind III cut pSVL-Gem (Wilusz et aL 1988). Templates for SVARE-AO 
RNA were generated by inserting the TNF-a ARE containing oligonucleotide 
5^-ATTATTTATTATTTATTTATTATTTATTATTTA (SEQ ID NO:4) and its appropriate 
complement between the PstI and Hind III sites of pSVL-Gem (located near the 3 ? end of the 
RNA). SVARE-AO RNA was transcribed from Hind III linearized DNA. The template for 

1 5 GM-CSF (+ARE) RNA was EcoRI cut pGM-CSF (Shaw and Kamen. 1986). The template 
for GM-CSF (-ARE) RNA was Ncol cut pGM-CSF. Templates for CX-AO RNA were 
generated by hybridizing the synthetic oligonucleotide 

S'-ATTTAGGTGACACTATAGAATACACCCCAACGGGCCCTCCCTCCCCTCCTTGCA 
CCATCATCGCATCACG (SEQ ID NO:5) and its appropriate complement. 

20 

Synthetic RNAs used in competition studies were made by the NJMS Molecular Core 
Facility and contained the following sequences: ARE: 

5'AUUAUUUAUUAUUUAUUUAUUAUUUAUUUAUUUA (SEQ IDNO:6): 
Non-specific competitor: S^-GUCACGUGUCACC (SEQ ID NO:7). 

25 

Addition of Polv(A) tails to transcripts 

A template for a 60 base poly(A) tail was added to DNA templates using a ligation/PCR 
protocol have recently been described (Ford et al., 1997). Briefly, all of the templates 
described above contain a Hind III site that is used to generate the 3' end of the RNA. The 
30 synthetic oligonucleotide 5'-AGCTA fl0 TATTGAGGTGCTCGAGGT (SEQ ID NO:8) and its 
appropriate complement were generated, hybridized, and ligated to Hind III cut DNA 
templates. Ligation products were amplified using an SP6 promoter primer 
(S'-CATACGATTTAGGTGACACTATAG (SEQ ID NO:9)) and a primer specific for the 3' 



-53- 



WO 99/61605 



PCT/US99/11581 



end of the ligated oligonucleotide (5*-ACCTCGAGCACCTC (SEQ ID NO: 1 0)). Amplified 
products were purified on Centricon 100 columns, cut with Sspl, and used as templates for 
SP6 polymerase generate RNAs carrying the k A60' designation. 
Poly(A) polymerase ( Amersham) was used to add 1 50-200 base poly(A) tails onto 
5 transcripts. RNAs were incubated with enzyme according to the manufacturer's 

recommendations on ice for 5-8 min. Following the reaction, RNAs were extracted with 
phenol-chloroform, ethanol precipitated, and purified on 5% acrylamide gels containing 7M 
urea to obtain RNAs with the appropriate amount of poly(A) at the 3' end. 

10 S 1 00 extract production 

Cytoplasmic extracts were prepared from Hela spinner cells grown in JMEM supplemented 
with 10% horse serum as described by Dignam et al (1983) with the following two 
modifications. First following centrifugation at 1 00.000 x g for 1 hr. the supernatant was 
adjusted to 1 0% glycerol prior to dialysis. Second, dialysis times were shortened to 30 min. 

15 Extracts were stored at -80°C. 

In vitro RNA deadenviation/degradation system 

Typically, approximately 200.000 cpm (-50 fin) of gel purified RNA is used per reaction. In 
comparative studies, equal molar amounts of transcripts were used. A typical 14.25 \x\ 

20 reaction mixture contains 3.25 ul of 10% polyvinyl alcohol, 1 u.1 of a 12.5 mM ATP/ 250 

mM phosphocreatine mixture. 1 jlx! of 500 ng/ul poly(A) (Pharmacia), 1 uJ of RNA and 8 jnl 
of dialyzed extract. Reactions were incubated at 30° C for the times indicated and stopped 
by the addition of 400 ul of stop buffer (400 mM NaCI. 25 mM Tris-CI, pH 7.6. 0.1% SDS). 
Reaction mixtures were phenol extracted, ethanol precipitated and analyzed on a 5% 

25 acrylamide gel containing 7M urea. All quantitation was performed using a Molecular 
Dynamics Phosphorimager. 

Recombinant ELAV proteins (HuR, Hel-N 1 and Hel-N2) were made as GST- fusion proteins 
in E. coli and purified using glutathione-sepharose affinity chromatography according to the 
30 manufacturer's recommendations (Levine et al. 1993). 

RNase H digestion 
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ARE-A60 RNA. radiolabeled at A residues, was incubated in the in vitro stability system for 
the times indicated. RNA products were phenol extracted and concentrated by ethanol 
precipitation. The sample was resuspended in a final volume of 30 u.1 containing 20 mM 
Tris-CI, pH 8.0. 100 mM NaCL 10 mM MgCI 2 , 1 mM DTT. 100 picomoles of the antisense 
5 oligonucleotide 5 AGTTAAATAAAT (SEQ ID NO: 1 1 ), and 1 unit of RNase H. Reactions 
were incubated at 37°C for 30 min. and products were analyzed on a 5% acrylamide gel 
containing 7 M urea. 

UV Cross linking and Immunoprecipitations 
10 UV cross linking/label transfer experiments were performed as described previously using a 
Syivania G15T8 germicidal light (Wilusz and Shenk, 1988). Cross linking experiments were 
done in the presence of 25 mM EDTA to inhibit RNA turnover to allow for accurate 
comparisons between samples. Following digestion with RNAses A. Tl and T2. cross linked 
proteins were analyzed on 10% acrylamide gels containing SDS. 

15 

For immunoprecipitation analysis following UV cross linking and RNAse treatment, 300 u.i 
of RIPA buffer (0.1 5M NaCl. 1% NP-40. 0.5% deoxycholate, 0.1% SDS and 50 mM Tris-Cl. 
pH 7.6) was added to samples. Following a brief centrifugation in a microfuge, precieared 
samples were incubated on ice with antibodies for 1 hr. Antigen-antibody complexes were 
20 collected using formalin fixed, washed protein-A positive S. aureus cells, washed five times 
using RIPA buffer, and analyzed on a 10% acrylamide gel containing SDS. Antibodies 
specific for GRSF (Qian and Wilusz, 1994) and hnRNP Al (Wilusz and Shenk, 1990) have 
been described previously. The preparation and characterization of rabbit polyclonal 
antibodies specific for HuR will be described elsewhere (Atasoy et al., 1998). 

25 
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WHAT IS CLAIMED IS : 

1 . An in vitro system capable of recapitulating regulated RNA turnover of an exogenousiy 
added preselected target RNA sequence comprising a ceil extract and said target RNA 
sequence. 

2. The system of claim 1 wherein said regulated RNA turnover is selected from the group 
consisting of AU-rich element regulated RNA turnover and C-rich element regulated 
turnover. 

3. The system of claim 1 wherein said ceii extract is isolated from lysed eukaryotic cells or 
tissues. 

4. The system of claim 3 wherein said cell extract is obtained from a cell line selected from 
the group consisting of HeLa cells and a T cell line. 

5. The system of claim 1 wherein said cell extract is prepared from cells comprising 
foreign nucleic acid. 

6. The system of claim 1 wherein said ceil extract is prepared from cells which are infected, 
stably transfected. or transiently transfected. 

7. The system of claim 1 wherein said cell extract is partially purified. 

8. The system of claim 1 wherein said ceil extract is depleted of activity of proteins that 
bind polyadenylate. 

9. The system of claim 8 wherein said cell extract depleted of activity of proteins that bind 
polyadenylate is prepared by a method selected from the group consisting of: 

(a) addition to said system of polyadenylate competitor RNA; 

(b) sequestration of proteins that bind polyadenylate; 

(c) addition of a proteinase that inactivates a protein that bind to polyadenylate; and 
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(d) addition of an agent that prevents the interaction between polyadenylate and an 
endogenous macromolecuie that binds to polyadenylate 

The system of claim 9 wherein said sequestration of proteins that bind polyadenylate 
is achieved by treatment of said extract with an material that depletes 
macromoiecuies that bind polyadenylate selected from the group consisting of 
antibodies to proteins that bind polyadenylate, polyadenylate. and the combination 
thereof. 

The system of claim 10 wherein said material is attached to a matrix. 

The system of claim 1 wherein said target RNA sequence is selected from the group 
of synthetic RNA, naturally occurring RNA, messenger RNA, chemically modified 
RNA. and RNA-DNA derivatives. 

The system of claim 12 wherein said target RNA sequence comprises a 5 1 cap and a 
3' polyadenylate sequence. 

The system of claim 1 wherein said target RNA sequence is selected from the group 
consisting of unlabeled target RNA sequence, labeled target RNA sequence, and the 
combination thereof. 

The system of claim 14 wherein said labeled target RNA sequence is labeled with a 
moiety is selected from the group consisting of a fluorescent moiety, a visible 
moiety, a radioactive moiety, a iigand, and a combination of fluorescent and 
quenching moieties. 

The system of claim 1 additionally comprising exogenousiy added nucleotide 
triphosphate. 

The system of claim 16 wherein said nucleotide triphosphate is ATP. 
The system of claim 1 further comprising a reaction enhancer. 
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1 19. The system of claim 1 8 wherein said reaction enhancer is selected from the group 

2 consisting of polyvinyl alcohol, polyvinylpyrrolidone and dextran. 

1 20. The system of claim 1 9 wherein said reaction enhancer is polyvinyl alcohol. 

1 21 . A method for identifying an agent capable of modulating the stability of a target 

2 RNA sequence comprising 

3 (A) providine the system of claim 1 ; 

4 (B) introducing said agent into said system; 

5 (C) determining the extent of turnover of said target RNA sequence; and 

6 (D) identifying an agent able to modulate the extent of said turnover as 

7 capable of modulating the stability of said target RNA sequence. 

1 22. The method of claim 21 wherein said system additionally comprises nucleotide 

2 triphosphate. 

1 23. The method of claim 22 wherein said nucleotide triphosphate is ATP. 

1 24. The method of claim 21 wherein said agent is an RNA stability modifying molecule. 

1 25. The method of claim 2 1 wherein said target RNA sequence is selected from the 

2 group consisting of unlabeled target RNA sequence, labeled target RNA sequence. 

3 and the combination thereof 

1 26. The method of claim 25 wherein said labeled RNA sequence is labeled with a moiety 

2 is selected from the group consisting of a fluorescent moiety, a visible moiety, a 

3 radioactive moiety, a iigand, and a combination of fluorescent and quenching 

4 moieties. 

1 27. The method of claim 2 1 wherein said monitoring the extent of turnover of said target 

2 RNA sequence comprises determining the extent of degradation of said labeled target 

3 RNA. 
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1 28. The method of claim 21 wherein said modulating the stability of a target RNA 

2 sequence increases the stability of said target RNA sequence. 

1 29. The method of claim 21 wherein said modulating the stability of a target RNA 

2 sequence decreases the stability of said RNA sequence. 

1 30. The method of claim 21 wherein said agent is capable of modulating the activity of a 

2 AU rich element binding protein or a C-rich element binding protein. 

1 31. The method of claim 30 wherein said AU rich element binding protein is selected 

2 from the group consisting of a member of the ELAV protein family; AUF1; 

3 tristetrapolin: AUH; TIA; TIAR; giyceraldehyde-3-phosphate; hnRNP C; hnRNP 

4 Al; AU-A; and AU-B. 

1 32. The method of claim 3 1 wherein said member of the ELAV protein family is 

2 selected from the group consisting of HuR, Hel-N 1 . HuC and HuD. 

1 33. A method for identifying an agent capable of modulating the stability of a target 

2 RNA sequence in the presence of an exogenously added RNA stability modifier 

3 comprising 

4 (a) providing the system of claim 1 ; 

5 (b) introducing said RNA stability modifier into said system; 

6 (c) introducing said agent into said system; 

7 (d) determining the extent of turnover of said target RNA sequence; and 

8 (e) identifying an agent able to modulate the extent of said turnover as capable 

9 of modulating the stability of said target RNA sequence in the presence of 
10 said exogenously added RNA stability modifier. 

1 34. The method of claim 33 wherein said system additionally comprises nucleotide 

2 triphosphate. 

1 35. The method of claim 34 wherein said nucleotide triphosphate is ATP. 
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* 36. The method of claim 33 wherein said target RNA sequence is selected from the 

2 group consisting of unlabeled target RNA sequence, labeled target RNA sequence, 

3 and the combination thereof. 

1 37. The method of claim 36 wherein said labeled RNA sequence is labeled with a moiety 

2 is selected from the group consisting of a fluorescent moiety, a visible moiety, a 

3 radioactive moiety, a ligand, and a combination of fluorescent and quenching 

4 moieties. 

1 38. The method of claim 33 wherein said determining the extent of turnover of said 

2 target RNA sequence comprises determining the extent of degradation of said labeled 

3 target RNA. 

1 39. The method of claim 33 wherein said RNA stability modifier increases the stability 

2 of said target RNA sequence. 

1 40. The method of claim 39 wherein said agent decreases the stability of said target RNA 

2 sequence increased by said RNA stability modifier. 

1 41 . The method of claim 33 wherein said RNA stability modifier decreases the stability 

2 of said target RNA sequence. 

1 42. The method of claim 41 wherein said agent increases the stability of said target RNA 

2 sequence decreased by said RNA stability modifier. 

1 43. The method of claim 33 wherein said agent is capable of modulating the activity of a 

2 AU rich element binding protein or a C-rich element binding protein. 

1 44. The method of claim 43 wherein said AU rich element binding protein is selected 

2 from the group consisting of a member of the ELAV protein family; AUF1 ; 

3 tristetrapolin; AUH; TIA; TIAR; glyceraldehyde-3-phosphate; hnRNP C; hnRNP 

4 Al; AU-A; and AU-B. 
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The method of claim 44 wherein said member of the ELAV protein family is 
selected from the group consisting of HuR, Hel-N 1 . HuC and HuD. 

A method for identifying an agent capable of modulating the deadenylation of a 
target RNA sequence comprising 

(A) providing the system of claim 1 in the absence of a nucleotide 
triphosphate; 

(B) introducing said agent into said system; 

(C) monitoring the deadenylation of said target RNA sequence in said 
system; and 

(D) identifying an agent able to modulate the extent of said deadenylation as 
capable of modulating the deadenylation of said target RNA sequence. 

A method for identifying an agent capable of modulating the deadenylation and 
degradation of a target RNA sequence comprising 

(A) providing the system of claim 1 in the presence of a nucleotide 
triphosphate; 

(B) introducing said agent into said system; 

(C) monitoring the deadenylation and degradation of said target RNA 
sequence in said system; and 

(D) identifying an agent able to modulate the extent of said deadenylation 
and degradation as capable of modulating the deadenylation and 
degradation of said target RNA sequence. 

A method for identifying an agent capable of modulating cell growth or cell 
differentiation in a mammal comprising determining the ability of said agent to 
modulate the stability of a target RNA sequence involved in the modulation of cell 
growth or differentiation in accordance with claim 19. 

The method of claim 48 wherein said agent capable of modulating cell growth or cell 
differentiation intervenes in cellular transformation. 
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The method of claim 48 wherein said agent capable of modulating cell growth or cell 
differentiation intervenes in immune dysregulation. 

A method for identifying, characterizing or isolating an endogenous molecule 
suspected of participating in the deadenylation or degradation of RNA or regulation 
thereof comprising 

(A) providing the system of claim 1 ; 

(B) introducing said protein suspected of participating in the regulation of 
RNA turnover into said system; 

(C) monitoring the stability of said target RNA sequence in said system; and 

(D) identifying, characterizing or isolating said endogenous molecule able to 
modulate said deadenylation or degradation as capable of participating in 
the deadenylation or degradation of RNA or regulation thereof. 

The method of claim 51 wherein said molecule suspected of participating in the 
deadenylation or degradation of RNA or regulation thereof is protein or RNA. 

A kit for monitoring the stability of a preselected target RNA sequence under 
conditions capable of recapitulating regulated RNA turnover, said kit comprising: 

(a) cell extract depleted of activity of proteins that bind polyadenylate; 

(b) other reagents: and 

(c) directions for use of said kit. 

The kit of claim 53 further comprising nucleotide triphosphates, a reaction enhancer, 
a target RNA sequence, or any combination thereof. 

A method for identifying an agent capable of modulating the degradation a target 
RNA sequence in the absence of deadenylation comprising 

(A) providing a cell extract in the presence of a nucleotide triphosphate; 

(B) introducing said agent into said cell extract; and 

(C) monitoring the degradation of said target RNA sequence in said extract. 
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SEQUENCE IDS: 601-1-088 

5 ' -ATTTAGGTGAC ACTATAGAATAC AC ATTATTTATTATTTATTTATTATTTATTT 
ATTTA-3' (SEQ ID NO:l) 

5 

5 ' - ATTTAGGTGAC ACTATAGAATAC ACGTTAGTATTCATTTGTTTACTATTGATTT 
CTTTA-3 ' (SEQ ID NO: 2) 

5'-ATTTAGGTGACACTATAGAATACACAAATTTTATTGTGTTTTTAATTTATTTAT 
1 0 TAAGATGGATTCTC-3 ' (SEQ ID NO : 3) 

5'-ATTATTTATTATTTATTTATTATTTATTATTTA (SEQ ID NO:4) 

5'-ATTTAGGTGACACTATAGAATACACCCCAACGGGCCCTCCCTCCCCTCCTTGC 
1 5 ACCATCATCGCATCACG (SEQ ID NO:5) 

5'AUUAUUUAUUAUUUAUUUAUUAUUUAUUUAUUUA (SEQ ID NO:6) 
5'-GUCACGUGUCACC (SEQ ID NO:7). 

20 

5 '-AGCTA 60 TATTGAGGTGCTCGAGGT (SEQ ID NO: 8) 
5 '-CATACGATTTAGGTGAC ACTATAG (SEQ ID NO: 9) 
25 5'-ACCTCGAGCACCTC (SEQ ID NO: 10) 

5 '-AGTTAAATAAAT (SEQ ID NO: 11) 
AUUUA (SEQ ID NO: 12) 
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COMPOUNDS WHICH AFFECT mRNA STABILITY AND USES THEREFOR 

This invention relates to biologically active compounds and to their use in the treatment 
and prophylaxis of disease. In particular the invention relates to compounds which affect the 
stability of mRNA which contain one or more mRNA instability sequences. 

Recently, it has become increasingly apparent that the regulation of RNA half-life plays a 
critical role in the tight control of gene expression and that mRNA degradation is a highly 
controlled process. RNA instability allows for rapid up- or down-regulation of mRNA transcript 
levels upon changes in transcription rates. A number of critical cellular factors, e.g. transcription 
factors such as c-myc, or gene products which are involved in the host immune response such as 
cytokines, are required to be present only transiently to perform their normal functions. Transient 
stabilisation of the mRNAs which code for these factors permits accumulation and translation of 
these messages to express the desired cellular factors when required; whereas, under non- 
stabilised, normal conditions the rapid turnover rates of these mRNAs effectively limit and 
"switch off' expression of the cellular factors. However, abnormal regulation of mRNA 
stabilisation can lead to unwanted build up of cellular factors leading to undesirable cell 
transformation, e.g. tumour formation, or inappropriate and tissue damaging inflammatory 
responses. 

Although the mechanisms which control mRNA stability are far from understood, sequence 
regions have been identified in a number of mRNAs, which appear to confer instability on the 
mRNAs which contain them. These sequence regions are referred to herein as "mRNA instability 
sequences". For example, typical mRNA instability sequences are the AREs (AU rich elements), 
which are found in the 3'UTR (3' untranslated region) of certain genes including a number of 
immediate early genes and genes coding for inflammatory cytokines, e.g. IL-ip and TNFa. 

Kasteiic et al. (CYTOKINE, Vol. 8, No. 10, (October), 1996: pp751-761) have reported the 
finding that radicicol analog A, if added to THP-1 ceils activated by IFN-y and LPS, not only 
inhibited the secretion of IL-lp but also induced an extremely rapid degradation of IL-ip, IL-6 
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and TNF-a mRNA to undetectable levels in 5-8 h, and that this mRNA degradation appears to be 
mediated through AU-rich regions present in the 3' untranslated regions of the RNAs which code 
for these cytokines. 

Previously, novel Radicicol analogs (including radicicol analog A), processes for their 
preparation and their pharmaceutical use were described in European patent application EP 
0606044 A, together with known compounds including radicicol, O-methyl radicicol, and the 
related compound zearelenone and certain analogs of zearelenone. The radicicol analogs and 
known compounds are described in EP 0606044 A to be useful for the treatment of disorders 
with an etiology associated with or comprising excessive cytokine release, particularly IL-lp 
release, such as rheumatoid arthritis, osteoarthritis, septic shock, psoriasis, atherosclerosis, 
inflammatory bowel disease, Crohn's disease and asthma. 

We have now found that there are other compounds in addition to radicicol analog A which 
induce degradation of mRNAs and that such compounds may be used for treatment of diseases 
and medical conditions which involve increased or prolonged stability and expression of such 
mRNAs. Moreover we have found that radicicol analog A may be used generally to induce 
degradation of mRNAs besides IL-ip, IL-6 and TNF-a mRNAs. 

Accordingly the present invention provides a compound which induces degradation of 
mRNA which contains one or more mRNA instability sequences for use as a pharmaceutical, 
provided the compound is not radicicol analog A. 

In a further aspect the invention provides a method for the prophylaxis or treatment of a 
disease or medical condition having an etiology associated with the increased stability of mRNA 
which contains one or more mRNA instability sequences, comprising administering to a human 
or animal patient an effective amount of a compound which induces degradation of the mRNA, 
provided that the compound is not radicicol analog A when the disease or medical condition is 
one with an etiology associated with or comprising excessive cytokine release, particularly IL-1 P 
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release, such as rheumatoid arthritis, osteoarthritis, septic shock, psoriasis, atherosclerosis, 
inflammatory bowel disease, Crohn's disease and asthma. 

In a yet further aspect the invention provides use of a compound which induces degradation 
of mRNA which contains one or more mRNA instability sequences, for the preparation of a 
medicament for use in the treatment or prophylaxis of a disease or medical condition having an 
etiology associated with the increased stability of mRNA which contains one or more mRNA 
instability sequences, provided that the compound is not radicicol analog A when the disease or 
medical condition is one with an etiology associated with or comprising excessive cytokine 
release, particularly IL-ip release, such as rheumatoid arthritis, osteoarthritis, septic shock, 
psoriasis, atherosclerosis, inflammatory bowel disease, Crohn's disease and asthma. 

The invention also provides a method for inducing degradation of mRNA in a patient, 
which comprises administering an effective amount of a compound which induces mRNA 
degradation to the patient, wherein the mRNA contains an mRNA instability sequence, provided 
that the compound is not radicicol analog A when the mRNA is mRNA coding for IL- 
lp,IL-6 or TNF-a. 

Further the invention provides use of a compound which induces mRNA degradation in the 
preparation of a medicament for use in inducing degradation of mRNA which contains a mRNA 
degradation sequence in a patient, provided that the compound is not radicicol analog A when the 
mRNA is mRNA coding for IL-ip, IL-6 or TNF-a. 

The present invention further provides the use of a radicicol analog for preparation of a 
medicament for treatment of a cancer and/or malignant disease. 

The present invention also provides a method for the prophylaxis or treatment of a cancer 
and/or malignant disease comprising administering to a patient an effective amount of a radicicol 
analog. 
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Any compound which induces degradation of mRNA which contains a mRNA instability 
sequence is potentially of interest for use in the present invention. Compounds which induce 
degradation of mRNA which contains a mRNA instability sequence are hereinafter referred to as 
Compounds for use in the invention. Such compounds include radicicol analogs, in particular 
radicicol analog A or radicicol; for instance, as described in EP 0606044. 

Our copending British patent application no. 9828709.7 describes a reporter gene assay for 
the identification of compounds which destabilise mRNA. In this assay test compounds are 
contacted with a DNA expression system which in the absence of the compound is capable of 
expressing a protein having a detectable signal, and wherein the mRNA which codes for the 
protein and which is transcribed from the expression system comprises at least one copy of a 
mRNA instability sequence. The detectable signal is measured in the presence of the test 
compound and the result obtained is compared with a control. Compounds which destabilise 
mRNAs induce degradation of the mRNA which codes for the detectable signal leading to a 
decrease in the magnitude of the detectable signal obtained in the reporter gene assay. 

Preferred compounds for use in the present invention include compounds which may be 
identified as inducers of mRNA instability using the reporter gene assay as described above and 
as described in more detail in the above mentioned British patent application no. 9828709.7 and 
as hereinafter described in the Examples. Particular examples of compounds for use in the 
present invention include radicicol and the radicicol analogs. 

Radicicol, the compound of formula I 
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has been known for many years as a natural compound, e.g. as a metabolite of the microorganism 
Monosporium bonorden, and was described initially as having antibiotic properties (Delmotte, 
Nature 171,344(1953)). 

A particular class of radicicol analogs which includes Compounds for use in the invention 
are compounds of formula II 



Ri is H, OH, halogen, C r C 4 lower alkoxy, or C r C 4 lower alkyl-COO-; 
R 2 is OH, Ci-C 4 lower alkoxy, or d-C 4 lower alkyl-COO-; 
R 3 is H, OH, C1-C4 lower alkoxy, or C r C 4 lower alkyl-COO-; 
-a-b- is -CHRt-CHRs- or cis or trans -CR 7 =CR8-, 

wherein R 7 and R 8 are the same or different and are H, OH, C r C 4 lower alkoxy, or 

C r C 4 lower alkyl-COO-, or 
-a-b- is -CHR 7 -CHRg- and R 7 and R$ together with O form an epoxide bridge; 
c is >CH-OH, >C=0 or >CH 2 ; 
-d-e- is -CHRt-CHRs- or ds or trans -CR 7 =CR 8 -, 

wherein R 7 and R 8 are the same or different and are H, OH, C r C 4 lower alkoxy, or 

C r C 4 lower alkyl-COO-, and 
-f-g- is -CH2-CH2-, cis or trans -CH=CH-, or -C(0)-CH 2 -, 
and pharmaceutically acceptable salts thereof and physiologically-hydrolysable and -acceptable 
esters thereof 




wherein 



The carbon atom marked with an asterisk (*) in formula II is an asymmetric carbon atom. 
The carbon atoms at a, b, c or d may also be asymmetric carbon atoms dependent upon the 
particular substituents present at these positions. Asymmetric carbon atoms at these positions 
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may have the R- or S-configuration or the radicicol analog may comprise any mixture of the 
optical isomers thereof. Preferred isomers include those specifically described hereinafter. 



CI. 



Halogen or halo as used herein refers to F, CI, Br or I unless otherwise indicated, preferably 



A particular subset of the compounds of formula II are those in which one of -a-b- or -d-e- 
is -CHR 7 -CHR 8 - and the other is cis, or trans, -CR 7 =CR 8 -, wherein R 7 and R* are the same or 
different and are H, OH, C,-C 4 lower alkoxy, or C,-C 4 lower alkyl-COO-, and c is >CH-OH or 
>C=0, and wherein R,, R 2 , R 3 and -f-g- are as defined above. 

Particular significances for the variable substituents and moieties of the radicicol analogs of 
formula II are as follows: 

Preferably R, and R 3 are the same or different and are H, -OH, MeO- or Me-COO- 
Preferably R 2 is -OH, MeO- or MeCOO-. More preferably R, is H or MeO; R, is MeO, and R 3 is 
OH or MeO. 

Preferably -a-b- is cis- or trans- -CR 7 '=CRV-, wherein R 7 - and Rg' are the same or different 
and are H, OH, MeO- or Me-COO-. More preferably -a-b- is cis- or especially tons- -CH=CH-. 

Preferably -d-e- is -CHR/-CHRV-, wherein R 7 ' and R,' are as defined above. More preferably 
-d-e- is -CH 2 -CH 2 - or especially -CHOH-CHOH-, wherein the OH groups may be in free or 
protected form. 

Most preferably -f-g- is trans - -CH=CH-. 

^ Preferably the asymmetric carbon atoms of the compounds of the invention all have the S- 
configuration. 
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Particular radicicol analogs of formula II for use in the invention are analogs of formula II in 
which Ri is H or methoxy, R 2 is methoxy, R 3 is OH, -a-b- is cis- or trans - -CH=CH-, c is CHOH or 
OO, -d-e- is -CHOH-CHOH- and -f-g- is trans - -CH=CH-; in free form or base salt form or in the 
form of a physiologically-hydro lysable and -acceptable ester. 

Particular radicicol analogs for use in the present invention include radicicol and O-Iower 
alkyl radicicols, i.e. the compounds of formula V 

OH o = 




where R is H or C1-C4 lower alkyl, e.g. methyl, and pharmaceutical^ acceptable salts thereof and 
physiologically-hydrolysable and -acceptable esters thereof. 

For the purposes of the present description a radicicol analog is a compound having the 
characteristic bicyclic ring structure of radicicol, i.e. the structure of formula V\ 




wherein the X groups are separately H or substituents, the 14-membered lactam ring may 
additionally comprise one or more, e.g. two, ethylenically unsaturated bonds and at least one of 
the X substituents of the lactam ring may comprise an oxy (=0), or (with an adjacent X 
substituent) an epoxide substituent, and pharmaceutical ly acceptable salts thereof and 
physiologically-hydrolysable and -acceptable esters thereof. 

Radicicol analogs which comprise -OH substituents may also exist in the form of 
pharmaceutical^ acceptable esters, and the use of such is included within the scope of the 
invention. Pharmaceutically acceptable esters are preferably prodrug ester derivatives, such being 
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convertible by solvolysis or under physiological conditions to the free radicicol analog. Preferred 
pharmaceutically acceptable prodrug esters of the are those derived from a carboxylic acid, a 
carbonic acid monoester or a carbamic acid, advantageously esters derived from an optionally 
substituted lower alkanoic acid or an arylcarboxyiic acid. 

Radicicol analogs may also exist in the form of pharmaceutically acceptable salts, and the 
use of such is included within the scope of the invention. Pharmaceutically acceptable salts 
represent acid addition salts with conventional acids, for example, mineral acids, e.g., 
hydrochloric acid, sulfuric or phosphoric acid, or organic acids, for example, aliphatic or 
aromatic carboxylic or sulfonic acids, e.g., acetic, propionic, succinic, glycolic, lactic, malic, 
tartaric, citric, ascorbic, maleic, fumaric, hydroxymaleic, pyruvic, pamoic, methanesulfonic, 
toiuenesulfonic, naphthalenesulfonic, sulfanilic or cyclohexylsulfamic acid; also amino acids, 
such as arginine and lysine. For compounds of the invention having acidic groups, for example, 
an acidic -OH group, pharmaceutically acceptable salts also represent metal or ammonium salts, 
such as alkali metal or alkaline earth metal salts, e.g., sodium, potassium, magnesium or calcium 
salts. 

EP 0606044 A describes the isolation and characterisation of the radicicol analog of formula 




hereinafter referred to as radicicol analog A, which was first identified as a natural product 
isolated from a strain of pycnidia imperfect fungi (F/87-250904) deposited on 6 November 1991 
with the ARS Patent Culture Collection, US Dept. of Agriculture, Northern Regional Research 
Centre, Peoria, Illinois, USA under the provisions of the Budapest Treaty as deposit NRRL 
18919. 
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Radicicol analog A is a particularly preferred radicicol analog for use in the present 
invention. Radicicol analog A also serves as a valuable starting material for synthesis of other 
radicicol analogs for use in the present invention. Alternatively EP 0606044 A describes the de 
novo synthesis of radicicol analogs starting from readily available starting materials. 

Novel Radicicol analogs, processes for their preparation and their pharmaceutical use are 
described in European patent application EP 0606044 A, together with known compounds 
including radicicol, O-methyl radicicol, and the related compound zearelenone and certain 
analogs of zearelenone. The radicicol analogs and known compounds are described in EP 
0606044 A to be useful for the treatment of disorders with an aetiology associated with or 
comprising excessive cytokine release, particularly IL-ip release, such as rheumatoid arthritis, 
osteoarthritis, septic shock, psoriasis, atherosclerosis, inflammatory bowel disease, Crohn's 
disease and asthma.. 

The disclosure of EP 0606044 relating to the isolation of radicicol analog A from the 
fungal strain F/87-250904, the synthesis of semi-synthetic radicicol analogs from radicicol 
analog A and the de novo synthesis of radicicol analogs, is specifically incorporated by reference 
in the teaching of the present application. 

Surprisingly it has now been found that radicicol, radicicol analogs, zearelenone and 
zearelenone analogs (hereinafter collectively referred to as radicicol analogues), such as those 
described in EP 0606044 A, are useful for treatment of certain forms of cancer and malignant 
diseases. 

Particularly preferred radicicol analogs for use in the invention include compounds of 
formula II in which -a-b- is trans - -CH-CH-, e.g. the compounds of formulae IV, V and VI 
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. Particularly preferred radicicol analogs for use in the invention include compounds of 
formula II in which -a-b- is trans - -CH=CH-, e.g. the compounds of formulae III, VII and VHL 

OH O | 
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The present invention may be used in the prophylaxis or treatment of diseases and medical 
conditions in general having an etiology associated with the increased or prolonged stability of 
mRNAs which contain one or more mRNA instability sequences, and which on prolonged or 
inappropriate expression typically give rise to undesirable effects, e.g. cancer cell growth or an 
unwanted inflammatory response. 



mRNA instability sequences have been identified in the UTRs, in particular the 3' UTRs, 
of a large number of transiently expressed genes including genes for cytokines, chemokines, 
nuclear transcription factors, protooncogenes, immediate early genes, cell cycle controlling 
genes, oxygenases, and genes involved in and controlling of apoptosis. The natural RNA 
sequences which comprise the mRNA instability sequences are alternatively referred to as 
adenylate/uridylate (AU)-rich elements, or AREs. Transiently expressed genes which contain 
mRNA instability sequences include, for example, the genes coding for GM-CSF, c-fos, c-myc y 
c-jun, krox-20, nur-11 \ zif268, 0-IFN, uPA, IL-1, IL-3, TNF-a, MCP1, synl, p 2 ~AR, E-selectin, 
VCAM-1, ICAM-1, P-glycoproteins (MDR), MRPs, Pyhl (pf mdr), COX II, metalloproteinases 
(MMPs), bcl-2 and MIP-2ct. 
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The following publications include extensive discussion of mRNA instability sequences 
and AREs, the sequences motifs which they contain and (minimum) sequence requirements for 
mRNA destabilisation, as well as identifying a number of mRNA instability sequences and the 
genes which contain them: 

Shaw & Kamen, Cell, Vol. 46, 659-667, August 29 1986 (GM-CSF); 
Shyu et al., Genes & Development, 5:221-231 (1991) (c-fos); 

Sachs, Cell, Vol. 74, 413-421, August 13 1993 (Review. "Messenger RNA Degradation in 
Eukaryotes"); 

Chen et al., Mol. Cell. Biol., Jan 1994, p 416-426 (c-fos); 

Akashi et al., Blood, Vol. 83, No. 1 1, (June 1), 1994: pp 3182-3187 (GM-CSF etc.); 
Nanbu et al., Mol. Cell. Biol., July 1994, p. 4920-4920 (Upa); 

Stoecklin et al., J. Biol. Chem., Vol. 269, No. 46, November 18 1994, pp 28591-28597 (IL-3); 

Lagnado et al., Mol. Cell. Biol., Dec. 1994, p. 7984-7995 (general); 

Zhang et al., Mol. Cell. Biol., Apr. 1995, p. 2231-2244 (yeast); 

Zubiaga et al., Mol. Cell. Biol., Apr. 1995, p. 2219-2230 (general); 

Winstall et al., Mol. Cell. Biol., July 1995, p. 3796-3804 (c-fos, GM-CSF); 

Chen et al., Mol. Cell. Biol., Oct. 1995, p. 5777-5788 (c-fos, GM-CSF); 

Chen et al., TUBS 20 November 1995, 465-470 (review); 

Levy et al., J. Biol. Chem., Vol. 271, No. %, February 2 1996, pp. 2746-2753 (VEGF); 
Kastelic et al., Cytokine, Vol. 8, No. 10 (October), 1996: pp75 1-761; 

Crawford et al., J. Biol. Chem., Vol. 272, No. 34, August 22 1997, pp. 21 120-21 127 (TNF-a); 
Xu et al., Mol. Cell. Biol., Aug. 1997, Vol. 18, No. 8, p. 461 1-4621 (general); 
Danner et al., J. Biol. Chem., Vol.273, No. 6, February 6 1998, pp. 3223-3229 (human (3 2 - 
Adrenergic Receptor); 

Lewis et al., J. Biol. Chem., Vol. 273, No. 22, May 29 1998, pp. 13781-13786 (TNF-a). 

As described in the above publications mRNA instability sequences often contain one or 
more copies of sequence motifs, e.g. selected from: AUUUA, UAUUUAU, 
UUAUUUA(U/A)(U/A), and AUUU AUUUA. Such sequence motifs are typically in genes 
between the stop codon and the poly A signal and may associated with appropriate flanking 
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sequences and may interact in combination with other sequences, e.g. present in the 5' UTR and 
e.g. with instability motifs present in the coding region. 

The present invention may be used in connection with diseases and medical conditions 
associated with any of the genes mentioned above or described in the listed publications, which 
comprise mRNA instability sequences. 

Examples of diseases and medical conditions which may be treated or prevented by use of 
the present invention include: cancers e.g. of the colon, breast, lung etc., acute and chronic 
inflammation, autoimmune diseases, respiratory diseases, infectious diseases and transplant 
rejection. 

The compounds for use in the invention have valuable pharmacological properties. In 
particular compounds for use in the invention have valuable properties as inducers of degradation 
of mRNAs which contain mRNA instability sequences. The activity of compounds for use in the 
invention as inducers of mRNA degradation may be demonstrated by means of a reporter gene 
assay as hereinafter described in the Examples, or as described in more detail in our copending 
British patent application no. 9828709.7. 

In view of their activity as inducers of degradation of mRNAs which contain mRNA 
instability sequences, the radicicol analogues are useful for the prophylaxis and treatment of 
cancers and malignant diseases which involve inappropriate build-up and expression of mRNAs, 
which contain mRNA instability sequences, and which code for proteins involved in the 
initiation, progression or persistence of cancer or malignant disease. Examples of cancer related 
genes, with mRNAs which contain mRNA destabilising sequences, include various oncogenes 
and transcription factors, e.g. c-myc, c-fos, Spl, bcl-2 and similar genes. The inappropriate or 
prolonged expression of such oncogenes is implicated in the initiation of certain forms of cancer, 
such as colon cancer, breast cancer, lung cancer etc.. Further examples of cancer related genes, 
with mRNAs which contain mRNA instability sequences are genes for metalloproteinase 
enzymes, e.g. MMP-1, MMP-2, collagenases etc., involved in tissue remodelling required for 
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tumour growth and metastasis invasion; cell cycle related geries such as p45/SKIP2 etc. and 
multidrug resistance genes, e.g. mdr-1, MRPs, etc. involved in the intrinsic or acquired multidrug 
resistance of some cancer cells. 

Treatment with radicicol analogs advantageously leads to degradation of the mRNAs of 
such genes, resulting in the down-regulation or "switching off of gene expression. Thus for 
example, radicicol analogs may be use for treatment and prevention of oncogene mediated 
cancers and malignant diseases, to treat or prevent tumour growth and metastasis invasion in 
general, and to prevent or reverse multidrug resistance and thereby facilitate cancer and tumour 
treatment with conventional, e.g. cytotoxic, anti-cancer agents. 

Radicicol analogs may be tested for their activity as anti-cancer agents in cell or in vivo 
assays substantially as described below or in variants of such assays using appropriate cell lines 
and conditions. 

Radicicol analogs exhibit, for example, inhibition of the cell growth of EGF-dependent cell 
lines, for example the epidermoid BALB/c mouse keratinocyte cell line (see Weissmann, B.A., 
and Aaronson, S.A., Cell 32, 599 (1983)) or the A431 cell line, which are recognised useful 
standard sources of EGF-dependent epithelial cells (see Carpenter, G., and Zendegni, J. Anal. 
Biochem. 153, 279-282 (1985)). In a known test method (see Meyer et a/., Int. J. Cancer 43, 851 
(1989)), the inhibitory activity of radicicol analogs is determined, briefly, as follows: BALB/MK 
cells (10 000/microtitre plate well) are transferred to 96-well microtitre plates. The test 
compounds (dissolved in DMSO) are added in a series of concentrations (dilution series) in such 
a manner that the final concentration of DMSO is not greater than 1 % (v/v). After the addition, 
the plates are incubated for three days during which the control cultures without test compound 
are able to undergo at least three cell-division cycles. The growth of the MK cells is measured by 
means of methylene blue staining: after the incubation the cells are fixed with glutaraldehyde, 
washed with water and stained with 0.05 % methylene blue. After a washing step the stain is 
eluted with 3 % HC1 and the optical density per well of the microtitre plate is measured using a 
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Titertek multiskan at 665 nm. IC 5 o values are determined by a computer-aided system using the 
formula: 



IC 50 = [(OD^ - OD st art)/(OD contro i - OD start )] x 100. 

The IC 5 o value in those experiments is given as that concentration of the test compound in 
question that results in a cell count that is 50 % lower than that obtained using the control 
without inhibitor. The radicicol analogs exhibit inhibitory activity in the micromolar range, for 
example an IC 5 o of approximately from 0.1 to 10 mM, especially from 0.4 to 4 mM. 

The radicicol analogs exhibit inhibition of the growth of tumour cells also in vivo, as 
shown, for example, by the test described below: the test is based on inhibition of the growth of 
the human epidermoid carcinoma A431 (ATCC No. CRL 1555; American Type Culture 
Collection, Rockville, Maryland, USA; see Santon, J.B., et ah, Cancer Research 46, 4701-4705 
(1986) and Ozawa, S., et a!. 9 Int. J. Cancer 40, 706-710 (1987)), which is transplanted into 
female BALB/c nude mice (Bomholtgard, Denmark). That carcinoma exhibits a growth that 
correlates with the extent of the expression of EGF-receptor. In the experiment, tumours having a 
volume of approximately 1 cm 3 cultured in vivo are surgically removed from experimental 
animals under sterile conditions. The tumours are comminuted and suspended in 10 volumes 
(w/v) of phosphate-buffered saline. The suspension is injected s.c. (0.2 ml/mouse in phosphate- 
buffered saline) into the left flank of the animals. Alternatively, 1 x 10 6 cells from an in vitro 
culture can be injected in 0.2 ml of phosphate-buffered saline. Treatment with test compounds is 
started 5 or 7 days after the transplant, when the tumours have reached a diameter of 4-5 mm. 
The test compound in question is administered (in different doses for different animal groups) 
once a day for 15 successive days. The tumour growth is determined by measuring the diameter 
of the tumours along three axes that are perpendicular to each other. The tumour volumes are 
calculated using the known formula p x L x D 2 /6 (see Evans, B.D., et ah, Brit. J. Cancer 45, 466- 
468 (1982)). The results are given as treatment/control percentages (T/C x 100 = T/C %). At a 
dose of from 3 to 50 mg/kg active ingredient, distinct inhibition of the tumour growth is found, 
for example T/C % values of less than 10, which indicates strong inhibition of tumour growth. 
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The radicicol analogs for use in the invention can be used both alone and in combination 
with other pharmacologically active compounds, for example together with inhibitors of the 
enzymes of polyamine synthesis, inhibitors of protein kinase C, inhibitors of other tyrosine 
kinases, cytokines, negative growth regulators, for example TGF-B or IFN-J5, aromatase 
inhibitors, antioestrogens and/or cytostatic agents. 

Characteristically when the radicicol analogs are use to prevent or reverse multidrug 
resistance of tumour and other malignant cells, they are used in combination with cytostatic or 
cytotoxic agents. A suitable cell-based assay for assessing utility in restoring sensitivity of cancer 
cells to anti-neoplastic/cytotoxic, drug substances in vitro is as follows. 

Cancer cell lines (CCL), e.g. from human small cell carcinoma of the lung, resistant to one 
or more cancer therapeutic drug substances (CTDS) selected from the group comprising 
Daunorubicin (DR); Vincristine (VC); Adriamycin (AM); Etoposide (ET); Tenoposide (TE); 
Colchicine (CC); and Taxol are developed in accordance with the methods described by 
Twentyman et al., Br. J. Cancer, 54, 253 (1986). 

Sensitivity of resistant sub-lines (CCL-R) is compared with parental sensitive lines (CCL- 
S)by assaying inhibition of cell growth during continuous CTDS exposure, e.g. in the case of a 
DR-resistant line (CCL-DRR)by comparing growth of CCL-DRS and CCL-DRR lines in the 
presence of DR contained in the growth medium ab initio. For the purpose, cell proliferation is 
measured by cell counting using an electronic cell counter, counting being effected close to the 
termination of the exponential growth phase. CCL-R lines are selected for which the ICgo (drug 
concentration, e.g. DR concentration, required to reduce final cell number to 20% of that for non- 
CTDS (e.g. DR) treated controls is >80 X, preferably >100 X, greater than that of the parental 
CCL-S lines. 

Sensitivity of selected CCL-R lines to CTDS (e.g. DR) in the presence or absence of test 
radicicol analog is then performed, employing cell counting as a measure of proliferation as 
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described above. For this purpose cells are cultured ab initio in the presence of varying 
concentrations of both CTDS and test radicicol analog. For screening, concentrations of the latter 
are chosen which do not themselves cause a significant reduction in proliferation. Appropriate 
concentrations are established by culturing CCL-S and CCL-R in the presence of varying 
concentrations of radicicol analog in the absence of CTDS. Radicicol analogs are routinely tested 
at concentrations of from 0.01 to 50, in particular 0.1 to 10, jag/ml, e.g. at concentrations of 0.01, 
0.02, 0.05, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0 and 50 ^ig/ml. The ratio of CTDS (e.g. DR) required to 
inhibit cell proliferation by 50% in the absence of test radicicol analog (IC 50 -CS) compared with 
that obtained in the presence of test radicicol analog (IC50+CS) is taken as a measure of increased 
sensitivity of the CCL-R line to CTDS which has been induced by the radicicol analog. Stability 
of the CCL-R line used is ensured by cross checking its sensitivity to CTDS with that previously 
established. 

Additional procedures for assessing utility in restoring sensitivity of cancer cells to anti- 
neoplastic/cytotoxic, drug substances, including in vivo procedures are described in EP 0296122 

B, the relevant disclosures of which are incorporated by reference in the teaching of the present 
application. 

Compounds for use in the Invention can be used both alone and in combination with other 
pharmacologically active compounds, for example in cancer treatment the compounds may be 
used together with inhibitors of the enzymes of polyamine synthesis, inhibitors of protein kinase 

C, inhibitors of other tyrosine kinases, cytokines, negative growth regulators, for example TGF-B 
or IFN-B, aromatase inhibitors, antioestrogens and/or cytostatic agents. 

Suitable pharmaceutical compositions comprising Compounds for use in the invention as 
active ingredient and that can be used especially in the treatment of the diseases mentioned above 
include compositions for enteral, such as nasal, buccal, rectal or especially oral, administration 
and parenteral, such as intravenous, intramuscular or subcutaneous, administration to warm- 
blooded animals, especially human beings. The compositions comprise the active ingredient on 
its own or preferably together with a pharmaceutically acceptable carrier. The dosage of the 
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active ingredient depends on the disease to be treated, and on species, age, weight and individual 
condition, individual pharmacokinetic conditions, and the mode of administration. 

The pharmaceutical compositions may comprise from approximately 1 % to approximately 
95 % active ingredient, forms of administration in single dose form preferably comprising from 
approximately 20 % to approximately 90 % active ingredient and forms of administration that are 
not in single dose form preferably comprising from approximately 5 % to approximately 20 % 
active ingredient. Unit dose forms are, for example, dragees, tablets, ampoules, vials, 
suppositories or capsules. Other forms of administration are, for example, ointments, creams, 
pastes, foams, tinctures, lipsticks, drops, sprays, dispersions, etc. Examples are capsules 
comprising from approximately 0.05 g to approximately 1.0 g of the active ingredient. 

The pharmaceutical compositions are prepared in a manner known per se, for example by 
means of conventional mixing, granulating, confectioning, dissolving or lyophilising procedures. 

Solutions of the active ingredient, and also suspensions or dispersions, especially isotonic 
aqueous solutions, dispersions or suspensions, are preferably used, it being possible, for example 
in the case of lyophilised compositions that contain the active ingredient alone or together with a 
carrier, for example mannitol, for such solutions, suspensions or dispersions to be made up prior 
to use. The pharmaceutical compositions may be sterilised and/or may comprise excipients, for 
example preservatives, stabilisers, wetting agents and/or emulsifiers, solubilisers, salts for 
regulating the osmotic pressure and/or buffers, and are prepared in a manner known per se, for 
example by means of conventional dissolving or lyophilising procedures. The said solutions or 
suspensions may comprise viscosity-increasing substances, such as sodium carboxymethyl- 
cellulose, dextran, polyvinylpyrrolidone or gelatin. 

Suspensions in oil comprise as the oil component the vegetable, synthetic or semi-synthetic 
oils customary for injection purposes. There may be mentioned as such especially liquid fatty 
acid esters that contain as acid component a long-chained fatty acid having from 8 to 22, 
especially from 12 to 22, carbon atoms, for example lauric acid, tridecylic acid, myristic acid, 
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pentadecylic acid, palmitic acid, margaric acid, stearic acid, arachidic acid, behenic acid, or 
corresponding unsaturated acids, for example oleic acid, elaidic acid, erucic acid, brassidic acid 
or linoleic acid, if desired with the addition of antioxidants, for example vitamin E, 0-carotene oj 
3,5-di-tert-butyl-4-hydroxytoluene. The alcohol component of those fatty acid esters has a 
maximum of 6 carbon atoms and is a mono- or poly-hydric, for example a mono-, di- or tri- 
hydric, alcohol, for example methanol, ethanol, propanol, butanol or pentanol or the isomers 
thereof, but especially glycol and glycerol. The following examples of fatty acid esters are 
therefore to be mentioned: ethyl oleate, isopropyl myristate, isopropyl palmitate, "Labrafil M 
2375" (polyoxyethylene glycerol trioleate, Gattefosse, Paris), "Labrafil M 1944 CS" (unsaturated 
polyglycolised glycerides prepared by alcoholysis of apricot kernel oil and consisting of 
glycerides and polyethylene glycol ester; Gattefosse, France), "Labrasol" (saturated 
polyglycolised glycerides prepared by alcoholysis of TCM and consisting of glycerides and 
polyethylene glycol ester; Gattefosse, France) and/or "Miglyol 812" (triglyceride of saturated 
fatty acids with a chain length of Cg to C, 2 , Hiils AG, Germany), but especially vegetable oils, 
such as cottonseed oil, almond oil, olive oil, castor oil, sesame oil, soybean oil and more 
especially groundnut oil. 

The injection compositions are prepared in customary manner under sterile conditions; the 
same applies also to introducing the compositions into, for example, ampoules or vials and to 
sealing the containers. 

Pharmaceutical compositions for oral administration can be obtained, for example, by 
combining the active ingredient with one or more solid carriers, if desired granulating a resulting 
mixture, and processing the mixture or granules, if desired, and if necessary by the addition of 
additional excipients, to form tablets or dragee cores. 

Suitable carriers are especially fillers, such as sugars, for example lactose, saccharose, 
mannitol or sorbitol, cellulose preparations and/or calcium phosphates, for example tricalcium 
phosphate or calcium hydrogen phosphate, and also binders, such as starches, for example corn, 
wheat, rice or potato starch, methylcellulose, hydroxypropylmethylcellulose, sodium carboxy- 
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methylcellulose and/or polyvinylpyrrolidone, and/or, if desired, disintegrators, such as the above- 
mentioned starches, also carboxymethyl starch, crosslinked polyvinylpyrrolidone, or alginic acid 
or a salt thereof, such as sodium alginate. Additional excipients are especially flow conditioners 
and lubricants, for example silicic acid, talc, stearic acid or salts thereof, such as magnesium or 
calcium stearate, and/or polyethylene glycol, or derivatives thereof. 

Dragee cores can be provided with suitable, optionally enteric, coatings, there being used 
inter alia concentrated sugar solutions which may contain gum arabic, talc, polyvinylpyrrolidone, 
polyethylene glycol and/or titanium dioxide, or coating solutions in suitable organic solvents or 
solvent mixtures, or, for the production of enteric coatings, solutions of suitable cellulose 
preparations, such as acetylcellulose phthalate or hydroxypropylmethylcellulose phthalate. 
Colourings or pigments may be added to the tablets or dragee coatings, for example for iden- 
tification purposes or to indicate different doses of active ingredient. 

Orally administrable pharmaceutical compositions also include dry-filled capsules 
consisting of gelatin, and also soft, sealed capsules consisting of gelatin and a plasticiser, such as 
glycerol or sorbitol. The dry-filled capsules may contain the active ingredient in the form of 
granules, for example in admixture with fillers, such as corn starch, binders and/or glidants, such 
as talc or magnesium stearate, and optionally stabilisers. In soft capsules, the active ingredient is 
preferably dissolved or suspended in suitable liquid excipients, such as fatty oils, paraffin oil or 
liquid polyethylene glycols or fatty acid esters of ethylene or propylene glycol, to which 
stabilisers and detergents, for example of the polyoxyethylene sorbitan fatty acid ester type, may 
also be added. 

Other oral forms of administration are, for example, syrups prepared in customary manner 
which comprise the active ingredient, for example, in suspended form and in a concentration of 
about 5 % to 20 %, preferably about 10 %, or in a similar concentration that provides a suitable 
single dose, for example, when administered in measures of 5 or 10 ml. Also suitable are, for 
example, powdered or liquid concentrates for the preparation of shakes, for example in milk. 
Such concentrates may also be packaged in single dose quantities. 
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Suitable rectally administrable pharmaceutical compositions are, for example, 
suppositories that consist of a combination of the active ingredient and a suppository base. 
Suitable suppository bases are, for example, natural or synthetic triglycerides, paraffin 
hydrocarbons, polyethylene glycols or higher alkanols. 

For parenteral administration there are suitable especially aqueous solutions of an active 
ingredient in water-soluble form, for example in the form of a water-soluble salt, or aqueous 
injection suspensions that contain viscosity-increasing substances, for example sodium 
carboxymethylcellulose, sorbitol and/or dextran, and, if desired, stabilisers. The active ingredient, 
optionally together with excipients, can also be in the form of a lyophilisate and can be made into 
a solution prior to parenteral administration by the addition of suitable solvents. 

The Compounds for use in the invention can be administered, prophylactically or 
therapeutically, as such or in the form of pharmaceutical compositions, preferably in an amount 
effective against the said diseases, to a warm-blooded animal, for example a human being, 
requiring such treatment, the compounds being used especially in the form of pharmaceutical 
compositions. In such treatment an individual of about 70 kg body weight will be administered a 
daily dose of from approximately 0.1 g to approximately 5 g, preferably from approximately 0.5 
g to approximately 2 g, of a compound of formula II. 

The following Examples serve to illustrate the invention and refer to the accompanying Figures, 
in which 

Figure 1 which shows the 30 bp fragment used as a mRNA instability sequence in the 
reporter gene assay of Example 1 ; 

Figure 2 which shows plasmid diagrams for pGL2_Neo30 and pGL2-Control; and 
Figure 3 shows graphs of luciferase activity from clones 53 (solid bars) and 63 (open bars) 
treated with various concentrations of radicicol analog A (SDZ 216-732). 
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EXAMPLES 

Example 1 : Reporter Gene Assay for compounds which destabilise mRNA 

A. Construction of pGL2 neo30 

In order to obtain a vector for stable integration into THP-1 ceils, a Xhol - Sail 
fragment of the neo resistant gene (expressing aminoglycoside 3' phosphotransferase) derived 
from pMCIneo (Stratagene) is subcloned into the Sail site of pGL2-Control (Promega). This 
resulting plasmid was called pGL2_Neo. A 30bp fragment (containing three tandem AUUUA 
motifs, based on the IL-ip 3'UTR sequence) obtained by annealing two complementary synthetic 
oligonucleotides (see Fig 1) is subcloned into pGL2_Neo using the PflMl restriction site. This 
results in the luciferase expression vector pGL2_Neo30 (Fig. 2). Fig. 1 shows the IL-ip 3'UTR 
sequence containing three tandem AUUUA motifs used for ligation into the PflMI site of 
pGL2_Neo. 

B. Trans fection and selection of stable cell lines 

The resulting vectors pGL2_Neo30 and pGL2_Neo are transfected into THP-1 cells by 
electroporation. 10 7 cells/ml in L3mM KH 2 P0 4 , 7.36m.M Na 2 HP0 4 , 2.44mM KC1, 124mm NaCl, 
5mM glucose, 9.6^M MgCl 2 and 16(iM CaCI 2 pH 7.2 are transfected with 20jag of DNA in a 
Bio-Rad Gene Pulser (250V, 690^iF and indefinite resistance) using a 0.4cm cuvette. Cells are 
subsequently cultured in RPMI medium containing 10%FBS, 2mM L-Gln (L-glutamine), 50\xM 
2mercaptoethanol and 600|ig/ml of G418 (geneticin). After transfection of pGL2_Neo30 and 
pGL2_Neo into THP-1 cells, stable cell lines are obtained by selection for G418 resistance and 
assayed for luciferase activity. One cell line of each transfection is chosen for further analysis; 
the pGL2_Neo30 cell line is referred to as clone No. 63 and the pGL2_Neo cell line as clone No. 
53. No endogenous luciferase activity could be detected in normal THP-1 cells. 

The tissue culture and luciferase activity measurements are carried out as described below. 
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C. Tissue culture: 

The transfected human monocytic leukemia cell lines, clones No. 53 and 63 are grown in 
RPMI medium supplemented with 1 10 U/ml penicillin, 100 jig/ml streptomycin, 2 mM L-Gln 
and 2 g/1 NaHC0 3 . Heat-treated FBS (5%) is added before use. The cells are grown to a density 
of 5x 10 5 /ml and induced to differentiate with 100 U/ml (final concentration) ylFN. Three hours 
later, 10 ul of LPS (5(ag/ml final concentration) is added. This time point is designated time 0. 
Compounds are added at various times after LPS addition as indicated. 

D. Luciferase activity measurement: 

In order to adapt the system to the use of 96 well plates, cells are grown in Packard flat 
bottom white polystyrene microplates (Cat. No.6005180) in RPMI medium lacking phenol red 
(AMIMED). Cells are plated at 5xl0 4 /well. After treatment of the cells, luciferase is measured 
using the Packard Luc Lite system (Cat. No.601691 1) according to the manufacturer's 
instructions in a final volume of 205ul. Briefly, to a cell suspension of 5 x 10 5 cells/ml, ylFN 
(lOOOU/ml Boehringer Mannheim No. 1050494) to a final concentration of 100 U/ml and 0.25% 
(v/v) Luc Lite Enhancer is added. After a 3 hour incubation LPS (50ng/ml SIGMA L-8274) is 
added to give 5jig/ml final concentration. The cells are then plated at 5xl0 4 /100ul/well into flat 
bottom white polystyrene microplates (Packard, Cat. No. 6005180) and incubated for 16 hours. 5 
ul of compound solution or control vehicle is then added and the cells are further incubated as 
indicated. 100 ul of luciferase substrate solution is added and the plates are covered with 
TopSeal-A press-on adhesive sealing film (Packard Cat.No. 6005185) before measuring 
luminescence with a Packard Top Count Scintillation Counter at 22°C. The luciferase signal is 
stable for at least 90 min. 

Example 2: Effect of the radicicol analog A 

The THP-1 cell lines, clone No. 63 (containing PGL2_Neo30) and clone No. 53 
(containing pGL2-Control) are grown, differentiated and stimulated with ylFN and LPS identical 
to normal THP-1 cells. Radicicol analog A is added 16 hours after the addition of LPS and cell 
extracts are then taken 8 hours later or as indicated. Luciferase activity is inhibited by 1 uM 
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radicicol analog A on average by 50% +/-17%, in some cases inhibition was as great as 93%, 
whereas up to 5xlCT 6 M of radicicol analog A has no effects on the control clone No. 53 ? Fig. 3 
(solid bars indicate clone No. 53, open bars clone No. 63). 

Example 3: Application of Reporter Gene Assay to a number of radicicol analogs 

A number of radicicol analogues are tested for their activity in the reporter gene assay 
substantially as described in the previous Examples. The results obtained are given in the Table 
below. 
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OH O 




Example 4: Tablets, each comprising e.g. 50 mg of radicicol analog A or a pharmaceutical^' 
acceptable salt, are prepared as follows: 

Composition (10000 tablets) 

active ingredient 500.0 g 

lactose 500.0 g 

potato starch 352.0 g 
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gelatin 8.0 g 

talc 60.0 g 

magnesium stearate 1 0.0 g 

silicon dioxide (highly dispersed) 20.0 g 
ethanol q, s . 

The active ingredient is mixed with the lactose and 292 g of potato starch and the mixture is 
moistened with an ethanolic solution of the gelatin and granulated through a sieve. After drying, 
the remainder of the potato starch, the magnesium stearate, the talc and the silicon dioxide are 
mixed in and the mixture is compressed to form tablets, each weighing 145.0 mg and comprising 
50.0 mg of active ingredient; the tablets may, if desired, be provided with breaking notches for 
finer adaptation of the dose. 



Example 5: Film-coated tablet, each comprising 100 mg of radicicol analog A or a 
pharmaceutically acceptable salt are prepared as follows: 



Composition (for 1000 film-coated tablet^ 


active ingredient 


100.0 g 


lactose 


100.0 g 


corn starch 


70.0 g 


talc 


60.0 g 


calcium stearate 


1.5 g 


hydroxypropylmethylcellulose 


2.36 g 


shellac 


0.64 g 


water 


q.s 


methylene chloride 


q.s. 



The active ingredient, the lactose and 40 g of the corn starch are mixed and moistened with a 
paste prepared from 1 5 g of corn starch and water (with heating) and granulated. The granules 
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are dried, the remainder of the corn starch, the talcum and the calcium stearate are added and 
mixed with the granules. The mixture is compressed to form tablets (weight: 280 mg) which are 
then film-coated with a solution of the hydroxypropylmethylcellulose and the shellac in 
methylene chloride; final weight of the film-coated tablet: 283 mg. 

Example 6: Hard gelatin capsules, comprising 100 mg of active ingredient, for example radicicol 
analog A or a pharmaceutical^ acceptable salt are prepared, for example, as follows: 

Composition (for 1000 capsules^ 



active ingredient 1 00.0 g 

lactose 250.0 g 

microcrystalline cellulose 30.0 g 

sodium lauryl sulfate 2.0 g 

magnesium stearate 8.0 g 



The sodium lauryl sulfate is added to the lyophilised active ingredient through a sieve of 0.2 mm 
mesh size. The two components are intimately mixed. Then first the lactose is added through a 
sieve of 0.6 mm mesh size and then the microcrystalline cellulose is added through a sieve of 0.9 
mm mesh size. The mixture is then intimately mixed again for 10 minutes. Finally the 
magnesium stearate is added through a sieve of 0.8 mm mesh size. After mixing for a further 3 
minutes, size 0 hard gelatin capsules are each filled with 390 mg of the resulting formulation. 
Soft gelatin capsules may be prepared using similar ingredients and procedures. 
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CLAIMS 

1. A compound which induces degradation of mRNA which contains one or more mRNA 
instability sequences for use as a pharmaceutical, provided the compound is not radicicol 
analog A. 

2. A method for the prophylaxis or treatment of a disease or medical condition having an 
etiology associated with the increased stability of mRNA which contains one or more 
mRNA instability sequences, comprising administering to a human or animal patient an 
effective amount of a compound which induces degradation of the mRNA, provided that 
the compound is not radicicol analog A when the disease or medical condition is one with 
an etiology associated with or comprising excessive cytokine release, particularly IL-lp 
release, such as rheumatoid arthritis, osteoarthritis, septic shock, psoriasis, atherosclerosis, 
inflammatory bowel disease, Crohn's disease and asthma. 

3. Use of a compound which induces degradation of mRNA which contains one or more 
mRNA instability sequences, for the preparation of a medicament for use in the treatment 
or prophylaxis of a disease or medical condition having an etiology associated with the 
increased stability of mRNA which contains one or more mRNA instability sequences, 
provided that the compound is not radicicol analog A when the disease or medical 
condition is one with an etiology associated with or comprising excessive cytokine release, 
particularly IL-lp release, such as rheumatoid arthritis, osteoarthritis, septic shock, 
psoriasis, atherosclerosis, inflammatory bowel disease, Crohn's disease and asthma. 

4. A method for inducing degradation of mRNA in a patient, which comprises administering 
an effective amount of a compound which induces mRNA degradation to the patient, 
wherein the mRNA contains an mRNA instability sequence, provided that the compound is 
not radicicol analog A when the mRNA is mRNA coding for IL-1(3, IL-6 or TNF-a. 
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5. Use of a compound which induces mRNA degradation in the preparation of a medicament 
for use in inducing degradation of mRNA which contains a mRNA degradation sequence 
in a patient, provided that the compound is not radicicol analog A when the mRNA is 
mRNA coding for IL-1 p, IL-6 or TNF-a. 

6. Use of a radicicol analog for preparation of a medicament for treatment of a cancer and/or 
malignant disease. 

7. A method for the prophylaxis or treatment of a cancer and/or malignant disease comprising 
administering to a patient an effective amount of a radicicol analog. 

8. A use according to claims 3, 5 or 6 or method according to claim 2, 4 or 7 in which the 
compound or radicicol analog is a compound of formula II 



wherein 

Ri is H, OH, halogen, Ci-C 4 lower alkoxy, or Ci-C 4 lower alkyl-COO-; 
R 2 is OH, Ci-C 4 lower alkoxy, or C r C 4 lower alkyl-COO-; 
R 3 is H, OH, C1-C4 lower alkoxy, or C1-C4 lower alkyl-COO-; 
-a-b- is -CHR 7 -CHR 8 - or cis or trans -CR 7 =CR 8 -, 

wherein R 7 and R 8 are the same or different and are H, OH, C r C 4 lower alkoxy, or 

C1-C4 lower alkyl-COO-, or 
-a-b- is -CHR 7 -CHR 8 - and R 7 and R 8 together with O form an epoxide bridge; 
c is >CH-OH, >C=0 or >CH 2 ; 
-d-e- is -CHR 7 -CHR 8 - or c|s or trans -CR 7 =CR 8 -, 
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wherein R 7 and R 8 are the same or different and are H, OH, C1-C4 lower alkoxy, c 
C1-C4 lower alkyl-COO-, and 
-f-g- is -CH2-CH2-, or cis or trans -CH=CH-, 

or a pharmaceutical^ acceptable salt thereof or a physiologically-hydrolysable and - 
acceptable ester thereof. 

9. A use according to claim 6 or 8 or a method according to claim 7 or 8 for treatment and 
prevention of oncogene mediated cancers and malignant diseases, to treat or prevent 
tumour growth and metastasis invasion in general, or to prevent or reverse multidrug 
resistance. 

10. All novel compounds, methods and uses substantially as hereinbefore described with 
particular reference to the description and Examples. 
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(54) Title: 



NOVEL EXPRESSION VECTORS 



(57) Abstract: The present invention relates generally to expression vectors and their use in gene expression or gene regulation 
assays. More particularly, the present invention provides expression vectors and/or reporter vectors providing kinetics of protein ex- 
pression with improved temporal correlation to promoter activity. Even more particularly, the invention provides expression vectors 
comprising a transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA element which modulates 
the stability of a transcript corresponding to said transcribable polynucleotide. The present invention provides, inter alia, novel 
vectors, useful for identifying and analysing cis- and trans-acting regulatory sequences/f actors as well as vectors and genetically 
modified cell lines or organisms that are particularly useful for drug screening and drug discovery. 
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NOVEL EXPRESSION VECTORS 
FIELD OF THE INVENTION 

5 The present invention relates generally to vectors and their use in gene expression or gene 
regulation assays. More particularly, the present invention provides expression vectors and/or 
reporter vectors providing kinetics of protein expression with improved temporal correlation 
to promoter activity. The present invention provides, inter alia, novel vectors and cell lines 
useful for modulating gene expression, identifying and analysing regulatory sequences, new 
10 targets and reagents for therapeutic intervention in human diseases and for drug-screening. 

BACKGROUND OF THE INVENTION 

Bibliographic details of the publications referred to by author in this specification are 
1 5 collected at the end of the description. 

Reference herein to prior art, including any one or more prior art documents, is not to be taken 
as an acknowledgment, or suggestion, that said prior art is part of the state of the art. 

20 The rapidly increasing sophistication of recombinant DNA technology is greatly facilitating 
research and development in the medical and allied health fields. A particularly important area 
of research is the use of expression vectors to study gene expression. However, until now, a 
real-time analysis of gene expression has been limited by the lack of suitably designed vectors. 

25 Reporter assays permit an understanding of what controls the expression of a gene of interest 
e.g., DNA sequences, transcription factors, RNA sequences, RNA-binding proteins, signal 
transduction pathways and specific stimuli. 

Furthermore, reporter assays can be used to identify aspects of gene regulation that serve as 
30 new targets for therapeutic intervention in human disease. Reporter assays can potentially be 
used to screen drugs for their ability to modify gene expression. However, the cost and time 
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required for current reporter assay systems, together with the lengthy response times, has 
limited this application. 

Genomic sequences have promoter sequences, generally upstream of the coding region, which 
5 dictate the cell specificity and inducibility of transcription and thereby affect the level of 
expression of protein products. 

Specific sequence elements, typically rich in the nucleotide bases A and U and often located 
in the 3'-UTR of a gene, affect the stability of the mRNA and thereby affect the level of 
10 expression of the protein product. RNA-binding proteins bind certain mRNA sequences and 
thereby regulate mRNA stability and protein expression. Other sequences modulate 
translational efficiency. 

A common application of gene reporter assays is the study of DNA sequences that regulate 
15 transcription. Typically, these sequences are located in the promoter region, 5' of the 
transcription start site. Such DNA elements are tested by cloning them into a similar site within 
a reporter plasmid, such that they drive and/or regulate transcription and therefore, expression 
of reporter protein. The reporter protein should be distinguishable from endogenous proteins 
and easily quantified. Various reporter proteins are used, the most common being luciferase, 
20 chloramphenicol transferase (CAT) and /? galactosidase (/3-gal). 

The reporter protein is quantified in an appropriate assay and often expressed relative to the 
level of a control reporter driven by a ubiquitous promoter such as for example the promoter 
SV40. The control reporter must be distinguishable from the test reporter and is contained on 
25 a separate vector that is co-transfected with the test vector and used to control for transfection 
efficiency. Such assays are based on the premise that cells take up proportionally equal 
amounts of both vectors. Transient transfections of plasmid vectors are most commonly used. 

The assays described above are used to identify a promoter region or the specific elements 
30 within a promoter. Alternatively, they are used to study the response to various stimuli of a 
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promoter or regulatory element. In some applications, the reporter constructs, or the transfected 
cells, are placed into an organism to study promoter function in vivo. 

Another application of these reporter assays is the study or measurement of signal transduction 
5 pathways upstream of a specific promoter. For example, a promoter dependent on mitogen 
activated protein kinase (MAPK) for transcription can be linked to a reporter construct and 
used to measure the level of MAPK activation (or MAPK-dependent transcription) in cells. 
This technique can be utilized with a variety of informative promoters or enhancers and can 
be applied to cells or living organisms such as transgenic mice. For example, a photon camera 
10 can be used to measure luciferase reporter activity in whole mice containing a luciferase 
reporter linked to a promoter of interest (Contag, et al 9 1997). 

Luciferase is by far the most commonly used reporter assay for in vitro systems. The Dual 
Luciferase assay (DLA; Promega, Madison, WI, USA), is an improvement over other 
15 luciferase based systems in that both test and control reporter can essentially be measured in 
the same assay. As an example of current use, a typical DLA protocol is provided as follows: 

The putative promoter element is cloned upstream of a firefly luciferase reporter gene such that 
it drives its expression. This plasmid is transiently transfected into a cell line, along with a 

20 control plasmid containing the Renilla luciferase gene driven by the SV40 promoter. -2-50% 
of cells take up plasmid and express the reporters for ~3 days. The kinetics of expression 
involve an increase during the first -24 h as luciferase protein accumulates, followed by a 
decrease from —48 h as the number of plasmids maintained within the cells declines. 24-48 h 
after transfection, cells are harvested and lysed. Cell lysates are incubated with substrates 

25 specific to firefly luciferase and activity (light emission) is measured using a luminometer (96 
well plate or individual samples). Additional substrates are then added, which inactivate firefly 
luciferase but allow Renilla luciferase to generate light. Renilla luciferase activity can then be 
measured. 

30 The level of firefly luciferase activity is dependent, not only on promoter activity, but also on 
transfection efficiency. This varies greatly, depending on the amount of DNA, the quality of 
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the DNA preparation and the condition of the cells. The co-transfected control plasmid {Renilla 
luciferase driven by the SV40 promoter) is used to correct for these variables, based on the 
premise that Renilla luciferase activity is proportional to the amount of firefly luciferase 
plasmid taken up by the cells. Data are expressed as firefly luciferase activity / Renilla 
luciferase activity. 

The disadvantages of the Dual Luciferase assay are as follows: 

(i) Reagents are expensive and perishable and must be freshly prepared. 

(ii) Generally this assay involves the preparation of cell lysates, which is time consuming 
and adds inaccuracy, e.g., loss of cells during lysis, pipetting errors, residual 
buffer/medium altering volumes. 

(iii) Each sample yields only one datum point being the total activity of the cell population. 
No information is gained concerning the percentage of cells that express the reporter, 
nor the amount of expression per cell. 

(iv) The transfection control (Renilla) does not always correct for huge variation in 
transfection efficiencies because: 

a. Certain DNA preparations transfect/express poorly (perhaps due to reduced 
proportion of supercoiled DNA), but do not cause a corresponding decrease in 
the amount of co-transfected control plasmid. 

b. There is evidence of cross-talk between the promoters of the two plasmids, such 
that control reporter activity is dependent on the construct with which it is co- 
transfected, e.g., expression of Renilla luciferase seems highest when co- 
transfected with a plasmid containing a strong promoter. Interference between 
promoters has also limited, if not prevented, the use of single plasmids 
expressing both test and control reporters. 
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c. A common application of both transcriptional and post-transcriptional studies 
is to measure activation/suppression by various stimuli (e.g., PMA, EGF, 
hormones). Unfortunately, SV40, RSV, TK and probably many other 
ubiquitously expressed promoters are activated by a variety of stimuli. Since 

5 these promoters are used to drive expression of the transfection control reporter 

(Renilla), these reporters do not give a true reflection of transfection efficiency 
following such treatments. (Ibrahim et al. 2000). 

d. Differences in the half-lives of firefly vs Renilla luciferase proteins and perhaps 
10 mRNAs make the whole system very time-sensitive. 

e. Rapidly diminishing light emission, particularly for Renilla luciferase, require 
absolute precision in the timing of measurement. 

15 f. The relatively long half-lives of luciferase proteins and mRNAs, effectively 

mask temporal changes in transcription (e.g., following various stimuli or 
treatments). 

In existing post-transcriptional/mRNA stability reporter assays, candidate elements, thought 
20 to affect mRNA stability are cloned into the corresponding region of a reporter vector (e.g., 
firefly luciferase) driven by a constitutive promoter such as SV40 or RSV. Changes in 
expression relative to the empty vector (same vector without element of interest) are assumed 
to be the result of altered mRNA stability. As with the preliminary described transfection 
assays, a transfection control plasmid (e.g., Renilla luciferase driven by a constitutive promoter 
25 such as S V40 or RSV) is co-transfected to allow correction for transfection efficiency. These 
assays suffer from the following additional disadvantages: 



30 



(i). Existing vectors were not designed for post-transcriptional studies and have no means 
for switching off transcription. 
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(ii). The purpose of these protocols is to study the post-transcriptional effects of candidate 
mRNA elements. However, these elements can also affect transcription of the reporter 
at the level of DNA. Furthermore, since the endogenous promoter of the gene of 
interest is not used, any transcriptional effects seen, may have little physiological 
relevance. 

Systems for studying mRNA stability exist but involve direct measurement of the mRNA 
rather than a protein reporter. Due to the labor-intensive nature of protocols for quantifying 
mRNA, such systems are far more time consuming. 

One system, for example, utilizes the c-fos promoter, which responds to serum induction with 
a brief burst of transcription. Putative instability elements are cloned into the 3-UTR of a Beta 
Globin (BBB) construct, which expresses a very stable mRNA under the control of a serum- 
inducible (c-fos) promoter. Transfected cells (generally NIH 3 T3 cells) are first serum starved 
and then exposed to medium containing serum. The brief nature of the transcriptional response 
allows the kinetics of reporter mRNA degradation to be followed in a time course. These 
assays suffer from the following disadvantages: 

(i) . This assay is very time consuming and is therefore not applicable to rapid screening. 

(ii) . Can only be used in cells that support serum inducibility of the c-fos promoter. For 

example, many tumor cell lines maintain c-fos promoter activity in the absence of 
serum. 

(iii) . In cells such as NIH 3T3 cells, which do have the desired serum response, serum 

deprivation causes a cell cycle block and subsequent addition of serum, releases the 
cells from this block in a synchronous manner. Therefore, mRNA stability can only be 
measured in specific stages of the cell cycle. 
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(iv). In addition to activating the c-fos promoter, serum activates a multitude of other 
pathways, which introduce unwanted variables and prevent the study of more specific 
stimuli. 

In another assay, cells are treated with drugs, such as Actinomycin D that inhibit transcription 
from all genes. The mRNA levels are measured in a time course to determine mRNA 
degradation rates. This system is used to study endogenous genes and suffer from the following 
disadvantages: 

(i) . Transcriptional inhibitors are extremely toxic at doses required such that mRNA 

stability is often being measured in stressed or dying cells. 

(ii) . Transcription inhibitors possess numerous unwanted activities including stabilization 

of certain mRNAs. 

(iii) . The process blocks transcription from all genes such that many signal transduction 

cascades are blocked, whereas others are activated. Therefore, results may not be 
physiologically relevant. 

(iv) . The technique is extremely labor intensive. 

(v) . The technique is highly variable within and between assays. 

(vi) . The technique is often not sensitive enough for transient transfection reporter assays, 

particularly in cells with a low transfection efficiency. 

There is a need therefore to develop improved vectors and systems for conducting gene 
expression assays and in particular post-translational and post-transcriptional assays as well 
as assays that permit a more real-time determination of changes in gene expression. 
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SUMMARY OF THE INVENTION 

Throughout this specification, unless the context requires otherwise the word "comprise", and 
variations such as "comprises" and "comprising", will be understood to imply the inclusion of 
5 a stated integer or step or group of integers or steps but not the exclusion of any other integer 
or step or group of integers or steps. The present invention is not to be limited in scope by the 
specific embodiments described herein, which are intended for the purposes of exemplification 
only. Functionally-equivalent products, compositions and methods are clearly within the scope 
of the invention, as described herein. 

10 

In accordance with the present invention, the inventor has developed a series of vectors and 
methods which permit inter alia modulation and determination of transcript stability and/or 
improved real-time determination of gene expression. 

15 Nucleotide sequences are referred to by sequence identifier numbers (SEQ ID NO:). The SEQ 
ED NOs: correspond numerically to the sequence identifiers <400>1, <400>2, etc. A sequence 
listing is provided after the claims. 

One aspect of the present invention is directed to an expression vector comprising a 
20 transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide. As used herein the stability of a transcript may correspond to the half-life of 
the transcript. 

25 Another aspect of the present invention contemplates an expression vector comprising a 
transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide; wherein said RNA element is a destabilising element which reduces the 
stability of said transcript. 

30 

In a related embodiment the present invention contemplates an expression vector comprising 
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a transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide; wherein said RNA element is a stabilising element which increases the 
stability of said transcript. 

5 

Another aspect of the present invention contemplates an expression vector comprising a 
transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element wherein said RNA element is a destabilising element which reduces the stability of 
a transcript corresponding to said transcribable polynucleotide and wherein said transcribable 
10 polynucleotide comprises a polynucleotide of interest and encodes a polypeptide. 

Yet another aspect of the present invention contemplates an expression vector comprising a 
transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element wherein said RNA element is a destabilising element which reduces the stability of 
15 a transcript corresponding to said transcribable polynucleotide and wherein said transcribable 
polynucleotide comprises a polynucleotide of interest and encodes a reporter polypeptide. 

Even yet another aspect of the present invention contemplates an expression vector comprising 
a transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
20 element wherein said RNA element is a destabilising element which reduces the stability of 
said transcript and wherein said transcribable polynucleotide comprises a sequence of 
nucleotides encoding a reporter polypeptide. 

Still another aspect of the present invention is directed to an expression vector comprising a 
25 transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide; wherein said RNA element is a destabilising element which reduces the 
stability of a transcript corresponding to said transcribable polynucleotide and wherein said 
vector comprises one or more members selected from the group consisting of: 

30 

(i) a multiple cloning site for introducing a sequence of nucleotides; 
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(ii) 



a reporter gene; 



5 



(iii) 



a promoter and/or enhancer for regulating expression of said transcribable 
polynucleotide; 



(iv) 



a polyadenylation sequence; 



(v) 



a selectable marker gene; and 



10 



(vi) an origin of replication. 

Even still another aspect of the present invention contemplates a cell containing a vector 
according to the present invention comprising a transcribable polynucleotide which comprises 
15 a sequence of nucleotides encoding an RNA element which modulates the stability of a 
transcript corresponding to said transcribable polynucleotide. 

Still another aspect of the present invention contemplates a cell containing a vector according 
to the presentinvention comprising a transcribable polynucleotide which comprises a sequence 
20 of nucleotides encoding an RNA element which modulates the stability of a transcript 
corresponding to said transcribable polynucleotide; wherein said RNA element is a 
destabilising element which reduces the stability of said transcript. 

A related aspect of the instant invention considers a genetically modified non-human organism 
25 comprising a transcribable polynucleotide which comprises a sequence of nucleotides encoding 
an RNA element which modulates the stability of a transcript corresponding to said 
transcribable polynucleotide; wherein said RNA element is a destabilising element which 
reduces the stability of said transcript. 

30 Yet a further embodiment of the present invention contemplates a method for determining 
expression of a polynucleotide of interest, said method comprising expressing said 
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polynucleotide of interest from an expression vector for a time and under conditions sufficient 
for RNA and protein synthesis to occur, said vector comprising a transcribable polynucleotide 
which comprises said polynucleotide of interest and a sequence of nucleotides encoding an 
RNA element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide; and wherein said expression vector comprises one or more members selected 
from the group consisting of: 

(i) a multiple cloning site for introducing a sequence of nucleotides; 

(ii) a reporter gene; 

(iii) a promoter and/or enhancer for regulating expression of said transcribable 
polynucleotide; 

(iv) a polyadenylation sequence; 

(v) a selectable marker gene; and 

(vi) an origin of replication; 

and measuring the level and/or functional activity of an expression product of the transcribable 
polynucleotide over time compared to a control wherein said element enhances the temporal 
correlation between the activity of the promoter and/or enhancer that is operably connected to 
said transcribable polynucleotide and the level and/or functional activity of said expression 
product. 

In still yet a further embodiment, the present invention contemplates a method for identifying 
a nucleotide sequence encoding an RNA element which modulates the stability of an RNA 
transcript, said method comprising introducing a test nucleotide sequence into an expression 
vector whereby said nucleotide sequence is connected to a polynucleotide encoding a reporter 
protein to form a transcribable polynucleotide which is operably connected to a promoter 
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and/or enhancer; expressing said transcribable polynucleotide for a time and under conditions 
sufficient for RNA and protein synthesis to occur; and wherein said expression vector 
comprises one or more members selected from the group consisting of: 

(i) a multiple cloning site for introducing said test nucleotides sequence; 

(ii) a polyadenylation sequence; 

(iii) a selectable marker gene; and 

(iv) an origin of replication; 

and measuring the level and/or functional activity of an expression product of said 
transcribable polynucleotide over time compared to that of a control vector in the absence of 
said nucleotide sequence, wherein a level and/or functional activity which is different to that 
of the control vector over that time is indicative of a nucleotide sequence that encodes said 
RNA element. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic representation of expression vectors encoding a destabilising mRNA. 

5 Figure 2 is a schematic representation of transcription reporter vectors; Figure 2a shows vector 
series 2; Figure 2b shows vector series 3 and Figure 2c shows vector series 4. 

Figure 3 is a schematic representation of Bi-directional transcription reporter vectors; Figure 
3a shows vector series 5 and Figure 3b shows vector series 6. 

10 

Figure 4 is a schematic representation of reporter vectors for studying post-transcriptional 
regulation; Figure 4a shows vector series 7 and Figure 4b shows vector series 8. 

Figure 5 is a graphical representation showing reporter activity as a measure against the 
1 5 amount of DNA transfected. A single DNA preparation of a plasmid encoding firefly luciferase 
was mixed at a 30:1 ratio with a separate plasmid encoding Renilla luciferase. Both DNA 
preparations appeared normal in spectrophotometry (OD260/280) and on ethidium bromide 
stained agarose gels (data not shown). Different volumes of this mixture were transfected into 
cells such that the total quantity of DNA was 1, 2 or 3 micrograms but the ratio of firefly to 
20 Renilla plasmids remained the same. 

Fig. 5 A is a graphical representation showing that Renilla luciferase activity was dependent 
on the amount of DNA transfected. However, firefly luciferase activity (Fig. 5B) did not 
increase with increasing amounts of DNA, perhaps because the firefly DNA preparation was 
25 of poor quality. Consequently, the ftrefly/Renilla ratio (Fig. 5C), which would typically be used 
as a measure of the firefly promoter activity, varied considerably depending on the amount of 
DNA used. These data demonstrate that co-transfections with Renilla plasmids do not 
adequately control for the transfection efficiency of the firefly plasmid 

30 Figure 6 is a graphical representation showing reporter activity for various promoter systems 
using the Dual Luciferase Assay. Six different promoter fragments (numbered 1-6) were cloned 
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into pGL3 firefly luciferase plasmids. One microgram of each clone was co-transfected with 
30ng of Renilla (transfection control) plasmid, driven by an SV40 promoter. Firefly and 
Renilla luciferase activities were measured using the Dual Luciferase Assay (Promega, 
Madison, WI, USA). Results are expressed as Renilla luciferase activity (A), Firefly luciferase 
5 activity (B) and firefly divided by Renilla activity (C). Similar results were seen in multiple 
experiments using at least 2 different preparations of each construct. 

Renilla luciferase activity (Fig. 6A) is intended as a transfection control and analysis of this 
result alone would suggest an unusually high variation in transfection efficiency. For example, 
10 Renilla luciferase activity is 3.5 fold higher when co-transfected with construct 4 compared to 
co-transfection with construct 3. Variations in DNA quality or errors in the quantification of 
DNA seem unlikely as sources of error since the same pattern was seen with a separate set of 
DNA preparations (data not shown). 

15 Firefly luciferase activity (Fig. 6B) is influenced by both transfection efficiency and differences 
between promoters 1-6. The pattern of differences is similar to that seen with Renilla (Fig. 6A). 
For example, 3 and 6 are low whilst 4 and 5 are high. However these differences between 
constructs are more marked with firefly (e.g., construct 4 is 12 fold higher than construct 3), 
suggesting that the activity of promoters 1-6 is somehow affecting expression of Renilla (or 

20 vice versa). 

Firefiy/Renilla (Fig. 6C) is considered to be a measure of true firefly promoter activity (1-6) 
after correction for transfection efficiency (Renilla). Again a similar pattern is seen, suggesting 
that indeed 3 and 6 are the weakest promoters whilst 4 and 5 are the strongest. Whilst it is 

25 possible that promoter activity (Fig. 6C) coincidentally correlated with transfection efficiency 
(Fig. 6A), this possibility seems extremely unlikely given that similar results were obtained 
with numerous different constructs and multiple different preparations of the same construct. 
It seems more likely that the level of expression of Renilla luciferase is affected by the strength 
of the promoter construct with which it is co-transfected. Consequently, apparent differences 

30 between promoters 1-6 are likely to be an underestimation of the true differences. 
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Figure 7 is a graphical representation showing different reporter levels for BTL, BTG2, BTG1 
and BTG1N4 expression vectors on a time course after blocking transcription. Tet-Off HeLa 
cells were transfected with the following reporter plasmids, each containing a TRE promoter 
linked to a reporter gene; BTL (luciferase), BTG2 (d2EGFP), BTG1 (dlEGFP) and 
5 BTG1N4 (same as BTG1 but with 4 copies of the nonamer UUAUUUAUU present in the 
3'UTR-encoding region). Ten hrs after transfection, each flask of cells was split into multiple 
small plates. Doxycycline (1 Dg/ml) was added at 24 hrs after transfection (time zero) to block 
transcription of the reporter genes. Reporter levels (fluorescence or luminescence) were 
measured at this and subsequent time points, as described in Exmaple 14, and presented as the 
10 percentage of time zero. No decrease in luciferase activity (BTL) was seen during the 10 hr 
time-course. The 2 hr half-life EGFP construct (BTG2) showed a moderate response to the 
doxycycline-induced block in transcription and a faster response was seen with the 1 hr half- 
life EGFP (BTG1). The construct containing the nonamers (BTG1N4), however, showed by 
far the fastest response to this block in transcription. 

15 

Figure 8 is a graphical representation showing the data used for Fig. 7 displayed on a linear 
scale. The doxycycline-induced block in transcription is detectable as a 50% block in reporter 
levels after approximately 6.5 hrs with BTG1. However, this is reduced to less than 3 hrs by 
inclusion of the nonamers (BTG1N4). 

20 

Figure 9 is a graphical representation showing the effect of different numbers (1, 2 or 4) of 
nonamer RNA destabilising elements. A time-course was performed as described in Fig. 7, 
except with time zero defined as 4 hrs after addition of doxycycline to eliminate the effect of 
the delay in the action of this drug. The presence of a single nonamer (BTG1N1) was sufficient 
25 to increase the "effective rate of decay," whereas progressively stronger effects were seen with 
2 nonamers (BTG1N2) and 4 nonamers (BTG1N4). The latter construct showed an "effective 
half-life" of ~1 hr 20 mins, which is little more than the 1 hr half-life of the protein alone. 

Figure 10 is a graphical representation showing changing reporter levels over time in the 
30 absence of a transcriptional block. A time-course was performed as described in Fig. 7. 
However, the data presented represent samples not treated with doxycycline and measured at 
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24 hrs after transfection (start) or 34 hrs after transfection (finish). Consistent expression levels 
were seen only with BTG1N4. 

Figure 11 is a graphical representation showing changes in reporter levels over time in the 
5 absence of a transcriptional block. A time-course was performed as described in Fig. 7. 
BTGlfos contains the c-fos ARE. These data demonstrate that different types of mRNA 
destabilising elements can be used to achieve the same effect. 

Figure 12 is a graphical representation showing that RNA destabilising elements are useful 
10 in determining expression when a Luciferase reporter protein is used. A further enhancement 
would be expected using a luciferase reporter protein with protein destabilising elements. A 
time-course was performed as described in Fig. 7, using two luciferase-expressing constructs. 
BTL contains the standard Firefly luciferase-coding region and 3'UTR (derived from pGL3- 
Basic; Promega), whereas BTLN6 contains 6 copies of the nonamer UUAUUUAUU in the 
15 3'UTR. 

Figure 13 is a graphical representation showing reporter levels over time using DsRed 
destabilised by RNA destabilising elements and protein destabilising elements. A time course 
was performed as described in Fig. 7 and Example 14. The constructs used were DsRed2 
20 (BTR), DsRed-MODC (BTR1) and DsRed-MODC containing 4 UUAUUUAUU nonamers 
in the 3'UTR (BTR1N4). After blocking transcription with doxycycline, red fluorescence 
continues to increase with all constructs. This is substantially reduced by the protein 
destabilising element and further reduced by the mRNA destabilising element. 

25 Figure 14 is a graphical representation showing a time-course was performed as described in 
Fig. 7. All of the mRNA destabilising elements tested were very effective at increasing the rate 
of decay compared to controls (BTG1). These data show that the c-myc ARE is an effective 
destabilising element (BTGlmyc) and that a modest increase in destabilising activity can be 
obtained by combining the myc ARE with 4 nonamers (BTGlN4myc). Six nonamers 

30 (BTG1N6) also appeared to destabilise somewhat more than 4 nonamers (BTG1N4). 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Definitions 



By "3'UTR" is meant 



By "5'UTR" is meant 



By "About" is meant 



By "ARE" is meant 



the region of a polynucleotide downstream of the 
termination codon of a protein-encoding region of that 
polynucleotide, which is not translated to produce 
protein. 

5' (upstream) untranslated region of an mRNA. Also 
used to refer to the DNA region encoding the 5'UTR of 
the mRNA. 

a quantity, level, value, dimension, size, or amount 
that varies by as much as 30%, preferably by as much 
as 20%, and more preferably by as much as 10% to a 
reference quantity, level, value, dimension, size, or 
amount. 

an AU-rich element in mRNA i.e., a sequence that 
contains a high proportion of adenine and uracil 
nucleotides. Also used to refer to the DNA region 
encoding such an mRNA element. 



By "Biologically active fragment" is 
meant 



By "c-fos" is meant 
By "CAT:" is meant 
By "dlEGFP" is meant 



a fragment of a full-length reference polynucleotide or 
polypeptide which fragment retains the activity of the 
reference polynucleotide or polypeptide, respectively. 

an immediate early gene, briefly induced by mitogenic 
signals 

Chloramphenicol acetyltransferase. A bacterial enzyme 
often used as a reporter. 

a variant of EGFP that is fused to a mutated PEST 
sequence and consequently has a half-life of only about 
1 hour. Similarly, dlECFP and dlEYFP are also 
available. A destabilised variant of DsRed could be 
made in the same way. Henceforth referred to as 
dl DsRed. 
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By "dEGFP" is meant 

By "DNA" is meant 

By "Derivative" is meant 

By "DsRed" is meant 
By "ECFP" is meant 

By "EGF" is meant 
By "EGFP" is meant 

By "ELISA" is meant 
By "ErbB2" is meant 

By "Exon" is meant 

By "Expression Vector" is meant 
By "EYFP" is meant 
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a mutant form of EGFP variants that is fused to a PEST 
sequence and consequently has a half-life of only 2 
hours. Similarly, d2ECFP (cyan) and d2EYFP (yellow) 
are also available. A destabilised variant of DsRed could 
possibly be made in the same way. Henceforth referred 
to as d2DsRed. 

a general term for all destabilised variants of EGFP 
(including all colors) formed. (Li et at). 

deoxyribonucleic acid. 

a polynucleotide or polypeptide that has been derived 
from a reference polynucleotide or polypeptide, 
respectively , for example by conjugation or complexing 
with other chemical moieties or by post-transcriptional 
or post-translational modification techniques as would 
be understood in the art. 

the red fluorescent protein isolated from the IndoPacific 
sea anemone relative Discosoma species. 

the mutant form of EGFP with altered 
excitation/emission spectra that fluoresces cyan colored 
light. 

Epidermal growth factor 

the enhanced green fluorescent protein. A mutant form 
of GFP with enhanced fluorescence. (Cormack et al). 

the enzyme-linked immunosorbent assay 

the second member of the epidermal growth factor 
receptor family. Also known as HER-2 

the sequences of an RNA primary transcript that are part 
of a messenger RNA molecule, or the DNA that encodes 
such sequences. In the primary transcript neighbouring 
exons are separated by introns. 

a vector that allows a cloned segment of DNA to be 
expressed inside a cell. 

a mutant form of EGFP with altered excitation/emission 
spectra that fluoresces yellow colored light. 
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By "Firefly Luciferase" is meant the enzyme derived from the luc gene, cloned from the 

firefly. Catalyzes a reaction using D-luciferin and ATP 
in the presence of oxygen and Mg"^ resulting in light 
emission. Often used as a reporter. 

By "Flow Cytometry" is meant a method, in which live or fixed cell suspensions are 

applied to a flow cytometer that individually measures 
an activity or property of a detectable label associated 
with the cells of the suspension. Labelling of cells can 
occur, for example, via fluorescent compounds or by 
antibodies covalently attached to a specific fluorescent 
compound. Several different excitation/emission 
wavelengths can be tested simultaneously to measure 
different types of fluorescence. Sub-populations of cells 
with desired characteristics (fluorescence, cell size) can 
be gated such that further statistical analyses apply only 
to the gated cells. Flow cytometers equipped with a cell 
sorting option can physically separate cells with the 
desired fluorescence and retrieve those (live) cells in a 
tube separate from the remainder of the initial cell 
population. Also referred to as FACS (fluorescence 
activated cell sorting). 

By "Gene" is meant the segment of DNA that encodes a RNA molecule. The 

term "gene" sometimes but not always includes the 
promoter region. 

By "GFP" is meant a fluorescent protein (Tsien et al), which is isolatable 

from the jellyfish Aequoria victoria, and which can be 
used as a reporter protein. DNA constructs encoding 
GFP can be expressed in mammalian cells and cause the 
cells to fluoresce green light when excited with specific 
wavelengths. The term "GFP" is used herein to refer to 
all homologues and analogues, including colour variants 
and fluorescent proteins derived from organisms other 
than Aequoria victoria (e.g., DSRed, Clonetech; hrGFP, 
Stratagene). 

By "Half-life" is meant the time taken for half of the activity, amount or number 

of molecules to be eliminated. 

By "Intron" is meant a non-coding sequence within a gene, or its primary 

transcript, that is removed from the primary transcript 
and is not present in a corresponding messenger RNA 
molecule. 
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By "MAPK" is meant 

By "MCMV is meant 
By "MCS" is meant 

By "mRNA" is meant 

By "MODC" is meant 
By "Modulating" is meant 
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the commonly used reporter enzyme that catalyses a 
reaction, which leads to light emission. Exogenous 
substrates are added and the reaction is quantified using 
a luminometer. The substrate requirements for firefly 
and Renilla luciferases are different, allowing the two to 
be distinguished in the Dual Luciferase Assay (Promega, 
Madison, WI, USA). 

Mitogen Activated Protein Kinase. Includes several 
different kinases involved in intracellular signal 
transduction pathways that lead to growth or apoptosis 
(cell death). The term "MAPK" is sometimes used in 
reference to two specific MAPKs, Erkl and Erk2 
(extracellular regulated kinases 1 and 2). 

Minimal CMV promoter. Does not activate transcription 
on its own but can be linked to a TRE to provide 
tetracycline (and doxycycline)-dependent transcription. 

Multiple Cloning Site. The region of a DNA vector that 
contains unique restriction enzyme recognition sites into 
which a DNA fragment can be inserted. The term 
"MCS" as used herein, also includes any other site that 
assists the insertion of DNA fragments into the vector. 
For example, a T overhang (Promega, Madison, WI, 
USA), which allows direct insertion of fragments 
generated by polymerase chain reaction (PCR). 

Messenger RNA. A "transcript" produced in a cell using 
DNA as a template, which itself encodes a protein. 
mRNA is typically comprised of a 5'UTR, a protein 
encoding region and a 3'UTR. mRNA has a limited half- 
life in cells, which is determined, in part, by stability 
elements, particularly within the 3'UTR but also in the 
5'UTR and protein encoding region. 

Mouse ornithine decarboxylase or the portion and/or 
derivative thereof containing a PEST sequence. 

increasing or decreasing, either directly or indirectly, the 
stability of a molecule of interest. 
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By "operably connected' or "operably 

linked" and the like is meant a linkage of polynucleotide elements in a functional 

relationship. A nucleic acid is "operably linked" when it 
is placed into a functional relationship with another 
nucleic acid sequence. For instance, a promoter or 
enhancer is operably linked to a coding sequence if it 
affects the transcription of the coding sequence. 
Operably linked means that the nucleic acid sequences 
being linked are typically contiguous and, where 
necessary to join two protein coding regions, contiguous 
and in reading frame. A coding sequence is "operably 
linked to" another coding sequence when RNA 
polymerase will transcribe the two coding sequences 
into a single mRNA, which is then translated into a 
single polypeptide having amino acids derived from both 
coding sequences. The coding sequences need not be 
contiguous to one another so long as the expressed 
sequences are ultimately processed to produce the 
desired protein. "Operably connecting" a promoter to a 
transcribable polynucleotide is meant placing the 
transcribable polynucleotide (e.g., protein encoding 
polynucleotide or other transcript) under the regulatory 
control of a promoter, which then controls the 
transcription and optionally translation of that 
polynucleotide. In the construction of heterologous 
promoter/structural gene combinations, it is generally 
preferred to position a promoter or variant thereof at a 
distance from the transcription start site of the 
transcribable polynucleotide, which is approximately the 
same as the distance between that promoter and the gene 
it controls in its natural setting; i.e.: the gene from which 
the promoter is derived. As is known in the art, some 
variation in this distance can be accommodated without 
loss of function. Similarly, the preferred positioning of 
a regulatory sequence element (e.g., an operator, 
enhancer etc) with respect to a transcribable 
polynucleotide to be placed under its control is defined 
by the positioning of the element in its natural setting; 
i.e. the genes from which it is derived. 
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The term "pA" is meant used in diagrams here to indicate a poly adenylation site. 

A DNA sequence that serves as the site to stop 
transcription and add to the immature mRNA, a polyA 
tail. Various pA sequences from SV40 virus genes or the 
/8 galactosidase gene or other sources, including 
synthetic polyadenylation sites can be used in expression 
vectors for this purpose. 



The term "PEST' refers to an amino acid sequence that is enriched with the 

amino acids proline (P), glutamic acid (E), serine (S) and 
threonine (T). Proteins containing PEST sequences have 
shortened half-lives. 



By "Plasmid" is meant a Circular DNA vector. Plasmids contain an origin of 

replication that allows many copies of the plasmid to be 
produced in a bacterial (or sometimes eukaryotic) cell 
without integration of the plasmid into the host cell 
DNA. 



By "Polynucleotide" or "Nucleic acid' 

is meant linear sequences of nucleotides, including DNA or 

RNA, which may be double-stranded or single- 
stranded.. 



By "Polypeptide", 
"Protein" is meant 



"Peptide" or 



By "Promoter" is meant 



a polymer of amino acids joined by peptide bonds in a 
specific sequence. 

a region of DNA, generally upstream (5') of the mRNA 
encoding region, which controls the initiation and level 
of transcription. This term also includes within its scope 
inducible, repressible and constitutive promoters. 



By "PMA" is meant Phorbol myristoloic acid 

By "Renilla Luciferase" is meant that derived from sea pansy {Renilla reniformis), utilizes 

oxygen and coelenterate luciferin (coelenterazine) to 
generate light emission 



By "Reporter Vector" is meant a expression vector containing a "Reporter Gene" that 

encodes a protein or polypeptide (or mRNA) that can be 
easily assayed. Typically, the reporter gene is linked to 
regulatory sequences, the function or activity of which, 
is being tested. 
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By "Reporter" is meant 



By "RNA" is meant 
By "rtTA" is meant 

By "SEAP" is meant 
By "SKBR3" is meant 



a molecule, typically a protein or polypeptide, that is 
encoded by a reporter gene and measured in a reporter 
assay. Current systems generally utilize an enzymatic 
reporter and measure reporter activity. 

Ribonucleic Acid. 

Reverse tTA (see below), which binds the TRE and 
activates transcription only in the presence of 
tetracycline or doxycycline. 

Secreted alkaline phosphatase reporter gene. 

the human breast cancer cell line that overexpresses 
ErbB2. 



By "Stringent conditions" is meant temperature and ionic conditions under which only 

nucleotide sequences having a high frequency of 
complementary bases will hybridise. The stringency 
required is nucleotide sequence dependent and depends 
upon the various components present during 
hybridisation and subsequent washes, and the time 
allowed for these processes. Generally, in order to 
maximise the hybridisation rate, non-stringent 
hybridisation conditions are selected; about 20 to 25° C 
lower than the thermal melting point (T m ). The T m is the 
temperature at which 50% of specific target sequence 
hybridises to a perfectly complementary probe in 
solution at a defined ionic strength and pH. Generally, in 
order to require at least about 85% nucleotide 
complementarity of hybridised sequences, highly 
stringent washing conditions are selected to be about 5 
to 15° C lower than the T m . In order to require at least 
about 70% nucleotide complementarity of hybridised 
sequences, moderately stringent washing conditions are 
selected to be about 15 to 30° C lower than the T m . 
Highly permissive (low stringency) washing conditions 
may be as low as 50° C below the T m , allowing a high 
level of mis-matching between hybridised sequences. 
Those skilled in the art will recognise that other physical 
and chemical parameters in the hybridisation and wash 
stages can also be altered to affect the outcome of a 
detectable hybridisation signal from a specific level of 
homology between target and probe sequences. 
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"SV40/CMV/RSV" 



By "TetO" is meant 



By "Tet-Off Cell Lines" is meant 



By "Tet-On Cell Lines" is meant 



By "Transcription" is meant 



By "Transfection" is meant 



By "Translation" is meant 



By "TRE" is meant 



By "tTA" is meant 



to refer to promoter elements derived from simian virus, 
cytomegalovirus and rous sarcoma virus respectively. 
Generally, these promoters are thought to be 
constitutively active in mammalian cells. 

the Tet operator DNA sequence derived from the E. coli 
tetracycline-resistance operon. 

cell lines stably expressing tTA such that tetracycline or 
doxycycline will shut off transcription from TRE 
promoters. 

cell lines stably expressing rtTA such that tetracycline or 
doxycycline will turn on transcription from TRE 
promoters. 

the process of synthesizing a RNA molecule 
complementary to the DNA template. 

the process during which a plasmid or DNA fragment is 
inserted into a eukaryotic cell. Typically, 2-50% of cells 
take up the plasmid and express the protein product for 
—3 days without incorporating the plasmid DNA into the 
cell's chromosomes (= transient transfection). A small 
proportion of these cells will eventually incorporate the 
plasmid DNA into their gemone and permanently 
express the protein product (= stable transfection). 

the process whereby an mRNA molecule is used as a 
template for protein synthesis. 

here to define any Tetracycline Responsive Element 
(Gossen et al) 9 generally combined with a minimal 
promoter such that transcription occurs only via the 
binding of exogenous factors (e.g., tTA or rtTA) to the 
TRE. Preferred embodiments of this invention utilize a 
TRE comprised of 7 repeats of the tetO sequence linked 
to a minimal CMV promoter (mCMV) (Clontech 
Laboratories Inc., Palo Alto, CA, USA). 

Tetracycline-controlled transactivator, which is 
comprised of the Tet repressor protein (TetR) and the 
VP 16 activation domain, such that it binds the TRE and 
activates transcription, only in the absence of 
tetracycline or doxycycline. 
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By "TS" is meant Thromboxane synthase promoter. 

By " Variant" is meant a polynucleotide or polypeptide displaying substantial 

sequence identity with a reference polynucleotide or 
polypeptide, respectively. Variant polynucleotides also 
include polynucleotides that hybridise with a reference 
sequence under stringent conditions. These terms also 
encompasses polynucleotides which differ from a 
reference polynucleotide by the addition, deletion or 
substitution of at least one nucleotide. In this regard, it 
is well understood in the art that certain alterations 
inclusive of mutations, additions, deletions and 
substitutions can be made to a reference polynucleotide 
whereby the altered polynucleotide retains the biological 
function or activity of the reference polynucleotide. The 
terms 'polynucleotide variant" and "variant" also 
include naturally occurring allelic variants. With regard 
to variant polypeptides, it is well understood in the art 
for example that some amino acids may be changed to 
others with broadly similar properties without changing 
the nature of the activity of the polypeptide 
(conservative substitutions). 

By " Vector" is meant a vehicle for inserting a foreign DNA sequence into a 

host cell and/or amplifying the DNA sequence in cells 
that support replication of the vector. Most commonly a 
plasmid but can also be a phagemid, bacteriophage, 
adenovirus or retrovirus. 

By "vEGFP" "EGFP variants" or the different color variants of EGFP and/or the different 
'Variant of EGFP" is meant half- life variants. 

By "vGFP" is meant all variants of GFP; including homologues and 

analogues such as DsRed, also EGFP variants or 
destabilised GFP variants. 

The present invention provides inter alia expression vectors which modulate the stability of 
transcripts and consequently, the amount of protein produced by the vector. Although 
expression vectors which increase the stability of a transcript are clearly encompassed by the 
5 present invention, a particularly preferred embodiment focuses on destabilising transcripts. 
Here transcript stability can be reduced by the addition of one or more destabilising elements 
to, or by the removal of one or more stability elements (e.g., a poly A tail) from, a transcribable 
polynucleotide. Compared to existing expression vectors, the vector of the present invention 
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provides kinetics of protein expression with improved temporal correlation to the promoter 
activity, e.g., by reducing the time lag between decreased promoter activity and decreased 
levels of a corresponding expression product. 

5 Accordingly, one aspect of the present invention is directed to an expression vector comprising 
a transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide. 

10 The term "modulates" in the context of transcript stability refers to increasing or decreasing 
the stability of a transcript and optimal amounts of modulation depends upon the particular 
application. Without limiting the present invention to any one particular theory or mode of 
operation, where the RNA element is a sequence of nucleotides which destablilises the 
transcript, it is envisaged that the element directly or indirectly targets the transcript for 

15 degradation. 

As used herein the term "destabilising element" refers to a sequence of amino acids or 
nucleotides which reduces the half-life of a protein or transcript, respectively, inside a cell. 
Accordingly, an "RNA destabilising element" comprises a sequence of nucleotides which 
20 reduces the intracellular half-life of an RNA transcript and a "protein destabilising element" 
comprises a sequence of amino acids which reduces the intracellular half- life of a protein. 

The extent of the reduction sought depends upon the particular application. In a preferred 
embodiment the extent of RNA destabilisation significantly improves the temporal correlation 
25 between promoter activity and reporter levels or activity in expression vectors compared to 
vectors without destabilisation elements. In relation to increasing transcript stability, optimum 
levels of stability will again depend upon the application. 

An "RNA stabilising element" is a sequence of nucleotides which increases the intracellular 
30 half-life. 



WO 02/072844 



PCT/AU02/00351 



-27- 

"RNA" molecules include all RNA molecules such as mRNA, heterogenous nuclear RNA 
(hnRNA), small nuclear RNA (snRNA), small nucleolar RNA (snoRNA), small cytoplasmic 
RNA (scRNA), ribosomal RNA (rRNA), translational control RNA (tcRNA), transfer RNA 
(tRNA), eRNA, messenger-RNA-interfering complementary RNA (micRNA) or interference 
5 RNA (iRNA) and mitochondrial RNA (mtRNA). 

Messenger RNA (mRNA) is a preferred form of RNA. 

In the context of reducing the intracellular half-life of a molecule selected from an RNA 
10 transcript or an encoded protein of interest, (a) one or more destabilising elements and/or (b) 
one or more stabilising elements are typically chosen to confer a level of enhanced degradation 
on the molecule, which thereby reduce(s) the intracellular half-life of the molecule to a half-life 
that is suitably less than about 24 hours, more preferably less than about 10 hours, even more 
preferably less than about 5 hours, even more preferably less than about 3 hours, even more 
15 preferably less than about 1 hour, even more preferably less than about 30 minutes, even more 
preferably less than about 15 minutes, even more preferably less than about 10 minutes, even 
more preferably less than about 5 minutes, and still even more preferably less than about 3 
minutes. The half-life of an RNA transcript or an encoded protein of interest preferably 
corresponds to the lowest half-life that provides a steady-state expression level of at least 10 
20 fold the minimum detectable level of the transcript or encoded protein. 

The intracellular or intracellular-like conditions are preferably physiological for the cell type. 
The temperature of the intracellular or intracellular-like conditions is preferably physiological 
for the cell type. Exemplary temperatures for mammalian cells range suitably from about 30° C 
25 to about 42° C, and preferably from about 35° C to about 37° C. 

At a minimum, enhanced ribonucleic or proteolytic degradation of an RNA transcript or 
polypeptide, respectively, refers to a level of ribonucleic or proteolytic degradation that is at 
least about 5%, preferably at least about 10%, more preferably at least about 20%, even more 
30 preferably at least about 40%, even more preferably at least about 50%, even more preferably 
at least about 60%, even more preferably at least about 70%, even more preferably at least 
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about 80%, even more preferably at least about 90%, even more preferably at least about 
100%, even more preferably at least about 150%, even more preferably at least about 200%, 
even more preferably at least about 400%, even more preferably at least about 600%, even 
more preferably at least about 1,000%, even more preferably at least about 2,000%, even more 
5 preferably at least about 4,000%, even more preferably at least about 6,000%, even more 
preferably at least about 8,000%, preferably at least about 10,000%, still even more preferably 
at least about 12,000%, greater than that of the RNA transcript or polypeptide in the absence 
of the destabilising element(s) or in the presence of a stabilising element(s). Assays for 
measuring RNA degradation are known to those of skill in the art. For example, RNA 

1 0 degradation can be measured using a range of assays disclosed for example by Ross, J (1 995) 
or by Liu, J et al. (JBC 2000), which are based on the use of transcriptional inhibitors 
(Actinomycin D, DRB, cordycepin, alpha-amanitin), pulse labelling (radioactive nucleosides), 
cell-free decay methods (polysomes, cytosol or reticulocytes), or short-term promoter 
activation (fos promoter, see below). Assays for measuring degradation of proteins are also 

1 5 known to persons of skill in the art. For example, proteolytic degradation may be measured in 
vitro using a mammalian cell lysate assay including, but not restricted to, the reticulocyte lysate 
assay of Bachmair et al in U.S. Patent Serial No. 5,646,017. Alternatively, proteolytic 
degradation may be measured in vivo using cycloheximide or pulse-chase protocols as for 
example disclosed by Vazhappilly, R and Sucher, N (2002) or by Saito, T et al (1998). 

20 

The RNA destabilising elements can be derived from any source and in particular the 3' UTR 
or 5' UTR regions of short-lived mRNAs often contain destabilising sequences. As used herein, 
the term "derived from" shall be taken to indicate that a particular integer or group of integers 
has originated from the species specified, but has not necessarily been obtained directly from 
25 the specified source. 

The RNA destabilising sequences may be cloned from short-lived RNAs such as, for example; 
c-fos, c-jun, c-myc, GM-CSF, IL-3, TNF-alpha, IL-2, IL-6, IL-8, IL-10, Urokinase, bcl-2, 
SGLT1 (Na(+)-coupled glucose transporter), Cox-2 (cyclooxygenase 2), IL8, PAI-2 
30 (plasminogen activator inhibitor type 2), beta 1 -adrenergic receptor, GAP43 (5 'UTR and 
3 'UTR). 
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AU-rich elements (AREs) and/or U-rich elements (UREs), including but not limited to single, 
tandem or multiple or overlapping copies of the nonamer UUAUUUA(U/A)(U/A) (where U/A 
is either an A or a U) (Lagnado et al 1994) and/or the pentamer AUUUA (Xu et al 997) and/or 
5 the tetramer AUUU (Zubiaga et al. 1995). 

RNA destabilising elements have also been described for example from phosphoenolpyruvate 
carboxy kinase mRNA (PEPCK), the Drosophila Bicoid gene, the human thioredoxin gene, 
heat stable antigen and soybean 10A5 gene. 

10 

Iron responsive elements and iron regulatory protein binding sites may also advantageously be 
incorporated into the instant vectors to modulate RNA stability and particularly, translational 
efficiency. Histone RNAs, particularly their 3'UTRs, are especially useful for modulating RNA 
stability in a cell-cycle dependent fashion. 

15 

Also contemplated are modifications to or permutations of the elements listed above. The term 
"tandem copies" allows for both duplication and/or non-duplication of one or more of the outer 
nucleotides. For example, tandem copies of the pentamer AUUUA, includes sequences such 
as AUUUAUUUAUUUA as well as AUUUAAUUUAAUUUA. 

20 

RNA destabilising elements may be identified and or modifications made thereto using a 
computational approach and database analysis (Dandekar T et al). 

Accordingly, biologically active fragments as well as variants and derivatives of reference 
25 destabilising elements are encompassed by the present invention. 

Eukaryotic expression vectors are contemplated. 

In a related embodiment the present invention contemplates an expression vector comprising 
30 a transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element which modulates the stability of a transcript corresponding to said transcribable 



WO 02/072844 



PCT/AU02/00351 



-30- 

polynucleotide; wherein said RNA element is a stabilising element which increases the 
stability of said transcript. 

In another related embodiment the present invention contemplates an expression vector 
5 comprising a transcribable polynucleotide which comprises a sequence of nucleotides encoding 
an RNA element which modulates the stability of a transcript corresponding to said 
transcribable polynucleotide; wherein said RNA element is a stabilising element which 
increases the stability of said transcript, wherein said stabilising element is, or is derived from, 
a gene selected from alpha2 globin, alphal globin, beta globin, or growth hormone, which are 
10 examples of long-lived mRNAs. As used herein, underscoring or italicising the name of a gene 
shall indicate the gene, in contrast to its protein product, which is indicated by the name of the 
gene in the absence of any underscoring or italicising. For example, "alpha2 globin" shall 
mean the alpha2 globin gene, whereas "alpha2 globin" shall indicate the protein product of the 
"alpha2 globin" gene. 

15 

The ability to destabilise a transcript and reduce the amount of protein produced by a cell will 
clearly be useful for a wide range of applications. 

Another aspect of the present invention contemplates an expression vector comprising a 
20 transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide; wherein said RNA element is a destabilising element which reduces the 
stability of said transcript. 

25 In another aspect, the present invention contemplates an expression vector comprising a 
transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide; wherein said RNA element is a destabilising element which reduces the 
stability of said transcript, wherein the sequence of nucleotides encoding said destabilising 

30 element is, or is derived from, a gene selected from c-fos, c-jun, c-myc, GM-CSF, IL-3, TNF- 
alpha, IL-2, IL-6, IL-8, IL-10, Urokinase, bcl-2, SGLT1 (Na(+)-coupled glucose transporter), 
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Cox-2 (cyclooxygenase 2), IL-8, PAI-2 (plasminogen activator inhibitor type 2), betal- 
adrenergic receptor or GAP43. 

In one particular embodiment the polynucleotide sequences encoding the RNA destabilising 
5 elements are linked to sequences encoding a protein of interest, which in turn is linked to a 
promoter of interest that is preferably modulatable (i.e., inducible or repressible) such that 
expression is turned on and then off modulation . In this application, the RNA destabilising 
elements typically serve to shorten the period of expression of a functional mRNA or protein. 
This may be applied in vitro or in vivo. For example, a cell cycle-specific promoter could be 
10 combined with the RNA instability elements to express a protein of interest, exclusively in 
certain stages of the cell cycle. The protein of interest may be a functional protein or a reporter 
protein. In the latter example, reporter levels can be used as an indicator of cell-cycle stage or 
cell proliferation. 

15 Yet another aspect of the present invention contemplates an expression vector comprising a 
transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide; wherein said RNA element is a destabilising element which reduces the 
stability of said transcript, wherein the sequence of nucleotides encoding said destabilising 

20 element is selected from any one of SEQ ID NOS 1 to 23, or biologically active fragments 
thereof, or variants or derivatives of these. 

Even another aspect of the present invention contemplates an expression vector comprising a 
transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
25 element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide; wherein said RNA element is a destabilising element which reduces the 
stability of said transcript, wherein the sequence of nucleotides encoding said destabilising 
element is set forth in SEQ ID NO: 1, 2 or 22 or biologically active fragments, variants or 
derivatives thereof. 

30 

Another aspect of the present invention contemplates an expression vector comprising a 
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transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element wherein said RNA element is a destabilising element which reduces the stability of 
said transcript and wherein said transcribable polynucleotide comprises a polynucleotide of 
interest and encodes a polypeptide. 

5 

One particular application is in the area of determining gene expression. Specifically, by 
reducing the amount of transcript produced in a cell it is possible to more accurately determine 
promoter or enhancer activity. In this application a reporter gene is used to determine promoter 
activity either directly, or indirectly as a fusion protein with another polypeptide whose 
10 expression has been modulated by regulatory elements within the vector. 

In one embodiment the RNA destabilising sequences are incorporated into the region encoding 
the 3'-UTR of the reporter mRNA. Alternatively or in addition, destabilising elements are 
incorporated into the 5'-UTR and/or protein coding region, which is preferably not essential 
15 to, or does not interfere with, the selected activity of the encoded protein. 

In a related embodiment the RNA destabilising sequences are used to destabilise a gene of 
interest when for example there is a need to accurately monitor or reduce its expression. 
Typically for this application, RNA destabilising elements are used in conjunction with 
20 reporter protein destabilising elements. 

The subject expression vectors have applications in a variety of gene expression systems where 
it is preferable to have a brief period of mRNA or protein expression or where it is preferable 
to minimise the time lag between changes in promoter activity and the resultant changes in 
25 mRNA/protein levels. 

Accordingly, yet another aspect of the present invention contemplates an expression vector 
comprising a transcribable polynucleotide which comprises a sequence of nucleotides encoding 
an RNA element wherein said RNA element is a destabilising element which reduces the 
30 stability of said transcript and wherein said transcribable polynucleotide comprises a 
polynucleotide of interest and encodes a reporter polypeptide. 
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Even yet another aspect of the present invention contemplates an expression vector comprising 
a transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element wherein said RNA element is a destabilising element which reduces the stability of 
5 said transcript and wherein said transcribable polynucleotide comprises a sequence of 
nucleotides encoding a reporter polypeptide. 

The expression vectors are designed for use in eukaryotic cell systems. It should be noted 
however that the RNA destabilising elements may be used in a wide range of eukaryotic and/or 
10 plants systems including cells, tissues or whole organisms defined as yeast, insect, nematode, 
fish, bird or mammal. For use in plants, different promoters and possibly different reporters 
and RNA destabilising elements (e.g., DST sequences) may be used. 

It is contemplated that the expression vectors of the present invention will incorporate standard 
15 protein reporter molecules or destabilised reporter protein molecules. Standard reporter 
molecules are well known in the art. 

Another aspect of the present invention contemplates the combination of a protein destabilising 
element (e.g., a DNA/RNA sequence encoding an intracellular protein degradation signal or 

20 degron which may be selected from a destabilising amino acid at the amino-terminus of a 
polypeptide of interest, a PEST region or a ubiquitin) and an mRNA destabilising element 
(e.g., multiple copies of the nonamer UUAUUUAUU), such that both mRNA and protein are 
destabilised. For example, one such embodiment incorporates into an expression vector, a 
PEST sequence immediately upstream of the translation stop codon and 4 nonamers located 

25 downstream of the stop codon (preferably 20nt or more from stop codon). 

In this way, reporter protein may be destabilised both at the protein level and the mRNA level. 

The destabilised reporter protein may be any suitable protein. For example, destabilised GFP 
30 proteins are suitable, such as for example dlEGFP, dlEYFP and dlECFP comprising the dl 
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mutant of MODC. The destabilised luciferase protein has been described by Leclerc G. et al 
The MODC PEST sequence was used. The MODC from dlEGFP is also contemplated. 

Any method of destabilising a polypeptide of interest is contemplated by the present invention. 
5 For example, a polypeptide of interest can be modified to include a destabilising amino acid 
at its amino-terminus so that the protein so modified is subject to the N-end rule pathway as 
disclosed, for example, by Bachmair et al in U.S. Patent Serial No. 5,093,242 and by 
Varshavsky et al. in U.S. Patent Serial No. 5,122,463. In a preferred embodiment of this type, 
the destabilising amino acid is selected from isoleucine and glutamic acid, more preferably 

1 0 from histidine tyrosine and glutamine, and even more preferably from aspartic acid, asparagine, 
phenylalanine, leucine, tryptophan and lysine. In an especially preferred embodiment, the 
destabilising amino acid is arginine. In some proteins, the amino-terminal end is obscured as 
a result of the protein's conformation (i.e., its tertiary or quaternary structure). In these cases, 
more extensive alteration of the amino-terminus may be necessary to make the protein subject 

15 to the N-end rule pathway. For example, where simple addition or replacement of the single 
amino-terminal residue is insufficient because of an inaccessible amino-terminus, several 
amino acids (including lysine, the site of ubiquitin joining to substrate proteins) maybe added 
to the original amino-terminus to increase the accessibility and/or segmental mobility of the 
engineered amino terminus. 

20 

Modification or design of the amino-terminus of a protein can be accomplished at the genetic 
level. Conventional techniques of site-directed mutagenesis for addition or substitution of 
appropriate codons to the 5' end of an isolated or synthesised antigen-encoding polynucleotide 
can be employed to provide a desired amino-terminal structure for the encoded protein. For 

25 example, so that the protein expressed has the desired amino acid at its amino-terminus the 
appropriate codon for a destabilising amino acid can be inserted or built into the amino- 
terminus of the protein-encoding sequence. Where necessary, a nucleic acid sequence encoding 
the amino-terminal region of a protein can be modified to introduce a lysine residue in an 
appropriate context. This can be achieved most conveniently by employing DNA constructs 

30 encoding "universal destabilising segments". A universal destabilising segment comprises a 
nucleic acid construct which encodes a polypeptide structure, preferably segmentally mobile, 
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containing one or more lysine residues, the codons for lysine residues being positioned within 
the construct such that when the construct is inserted into the coding sequence of the antigen- 
encoding polynucleotide, the lysine residues are sufficiently spatially proximate to the amino- 
terminus of the encoded protein to serve as the second determinant of the complete amino- 
5 terminal degradation signal. The insertion of such constructs into the 5' portion of a antigen- 
encoding polynucleotide would provide the encoded protein with a lysine residue (or residues) 
in an appropriate context for destabilisation. 

In another embodiment, the polypeptide of interest is modified to contain a PEST region, 
10 which is rich in an amino acid selected from proline, glutamic acid, serine and threonine, 
which region is optionally flanked by amino acids comprising electropositive side chains. In 
this regard, it is known that amino acid sequences of proteins with intracellular half-lives less 
than 2 hours contain one or more regions rich in proline (P), glutamic acid (E), serine (S), and 
threonine (T) as for example shown by Rogers et al (1986, Science 234 (4774): 364-368). 
15 In yet another embodiment, the polypeptide of interest is conjugated to a ubiquitin or a 
biologically active fragment thereof, to produce a modified polypeptide whose rate of 
intracellular proteolytic degradation is increased, enhanced or otherwise elevated relative to 
the unmodified polypeptide. 

20 Still another aspect of the present invention contemplates an expression vector comprising a 
transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide; wherein said RNA element is a destabilising element which reduces the 
stability of said transcript, wherein said reporter protein is selected from Luciferase, Green 

25 Fluorescent Protein, Red Fluorescent Protein, SEAP, CAT, or biologically active fragments 
thereof, or variants or derivatives of these. 

Such vectors can be used to screen for drugs or treatments that alter the activity of that 
promoter. Compared to existing reporter vectors, a near "real-time" measurement of drug 
30 action can be obtained. 
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Still another aspect of the present invention is directed to an expression vector comprising a 
transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA 
element which modulates the stability of a transcript corresponding to said transcribable 
polynucleotide; wherein said RNA element is a destabilising element which reduces the 
stability of said transcript and wherein said vector comprises one or more members in any 
order selected from the group consisting of: 

(i) a multiple cloning site for introducing a sequence of nucleotides, which site is 
preferably cleavable enzymatically or otherwise biochemically to provide a 
linearised vector into which PCR amplification products are clonable directly 
(e.g., anEclHKl site); 

(ii) a reporter gene; 

(iii) a promoter and/or enhancer for regulating expression of said transcribable 
polynucleotide; 

(iv) a polyadenylation sequence; 

(v) a selectable marker gene; and 

(vi) an origin of replication. 

Another aspect of the present invention contemplates vectors or sets of vectors, particularly but 
not exclusively, plasmids, with applications in the study or measurement or monitoring of gene 
expression (e.g., promoter activity). Many other vectors could also be used such as for example 
viruses, artificial chromosomes and other non-plasmid vectors. 

One embodiment involves pairs or sets of plasmids, each containing one or more of the mRNA 
destabilising sequences described above incorporated into a construct encoding a destabilised 
reporter protein such as, for example, dlEGFP, dlEYFP, dlECFP or dlDsRed. One plasmid 
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(the control) from each pair or set contains a promoter 5' of the reporter encoding region. The 
promoter is comprised of elements which is modulatable (i.e., inducible or repressible) by 
exogenous treatments (e.g., the TRE combined with a minimal promoter such as mCMV; see 
Fig. 2c). Alternatively, a constitutively active promoter such as TS, SV40, CMV, TK or RSV 
5 is used (see Fig. 2b). In plant systems the Top-ten promoter could replace TRE, and the 35S 
promoter of cauliflower mosaic virus can replace SV40 etc. Agrobacterium tumefaciens can 
be used in plants to facilitate gene transfer. The other plasmid(s) in the pair or set are identical 
to the control plasmid, except that a cloning site (MCS) replaces the promoter, and the reporter 
encoding region encodes a reporter similar to but distinguishable from the control reporter (see 
10 Fig. 2a). In a preferred embodiment, the control plasmid encodes a destabilised variant of 
EGFP (e.g., dlEGFP, dlEYFP or dlECFP) and the other vectors (test vectors) each encode 
a different colour variant from the same list (same protein half-life). 

In other embodiments, a control and one of the test reporters are incorporated into a single 
15 vector, such as for example a bi-directional plasmid (see Fig. 3). 

In the above embodiments, both control and test plasmids encode a destabilised mRNA, which 
in turn encodes a destabilised protein. Thus the time lag between decreased promoter activity 
and decreased reporter protein levels, is significantly reduced compared to the time lag with 

20 existing constructs. Similarly, increased promoter activity is more readily and quickly 
detectable due to the reduced levels of pre-existing mRNA and protein. Other differences 
between the control and test constructs, which can lead to errors, are minimised by using 
fluorescent proteins that differ from each other by only a few small mutations. Compared to 
luciferase or other enzyme based assays, the fluorescent reporters described here, offer several 

25 other advantages including: 

• Several different reporters can be measured in the same cells/samples. 



30 



Live cells can be measured, allowing multiple time points of the same samples or 
further manipulation post-measurement e.g., measurement of the same cells before and 
after treatment with a drug. 
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• Successfully transfected cells can be visualised by fluorescent microscopy. Therefore 
poor transfections can be identified simply by looking at the cells under a microscope, 
without further investment of resources. 

5 

• No substrates are required, therefore the method is less technically demanding, faster, 
less expensive and more accurate. 

• Both control and test reporter expression can be measured simultaneously by flow 
1 0 cytometry (see advantages of flow cytometry below). 

• Embodiments utilising TREs as the control promoter can only be used in Tet-On or 
Tet-Off cell lines, but as compared to other control promoters, exhibit less interference 
from or to the test promoter and are less affected by various stimuli used to examine 

1 5 inducibility of the test promoter. Thus, they provide a more accurate measurement of 

transfection efficiency and relative test promoter activity. Control reporter expression 
can be switched on or off as required and used to confirm the lack of promoter cross- 
talk or compensate for it if present. 

20 • In another embodiment, the control and one of the test reporters described above are 
both incorporated into a single vector, preferably a bi-directional plasmid. Interference 
between the two promoters, which is a major drawback of previous dual promoter 
vectors, is minimised by using TREs in the control promoter. Such a single vector 
system prevents the inaccuracies of co-transfection studies. 

25 

The invention also provides vectors in which informative promoters or promoter fragments, 
are placed upstream of the reporter-encoding region. The present invention provides a simpler, 
quicker and more cost-effective reporter system for such assays when using utilising EGFP 
variants as opposed to luciferase or other enzymes as the reporter. Furthermore, the inclusion 
30 of mRNA instability elements allows a near real-time analysis. 
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Informative promoters include, but are not restricted to, cell cycle-dependent promoters (e.g., 
cyclin A, B, or Dl, histone or topoisomerase I promoters), promoters activated by apoptotic 
(cell death) pathways and promoters/fragments linked to mitogenic signals (Table 1). 
Examples of informative enhancers that can be used include any of those used in Clontech's 
5 Mercury Pathway Profiling Systems. Clontech's Mercury In Vivo Kinase Assay Kits represent 
another example of how the present invention can be used. In this example the promoter 
element is a TRE that is combined in cells with a chimeric TetR-transactivator protein that 
permits transcription from the TRE only when a specific kinase is active and can phosphorylate 
the transactivator domain of the fusion protein. Thus, the present invention can be used to 
10 provide a more real-time measurement of specific kinase activity. 

Even still another aspect of the present invention contemplates a cell transfected or transduced 
with a vector according to the present invention comprising a transcribable polynucleotide 
which comprises a sequence of nucleotides encoding an RNA element which modulates the 
1 5 stability of a transcript corresponding to said transcribable polynucleotide. 

In some applications the expression vectors or cells expressing the reporter constructs are 
inserted into an organism to allow measurement of reporter activity in vivo. In some of these 
applications, destabilised luciferase rather than destabilised EGFP variants may be the 

20 preferred reporter. For example, transgenic mice expressing destabilised luciferase under the 
control of an informative promoter, can be used to measure the activity of that promoter in the 
tissues of a live mouse, using a photon camera (photon camera analysis is described by Contag, 
et al 9 1997). The mRNA destabilising sequences serve to improve the temporal correlation 
between promoter activity and reporter levels, thus providing a significant improvement to 

25 applications such as drug screening, which benefit from a near real-time measurement of 
promoter activity. 

In some applications it is desirable to express, either in vitro in cell-based systems or in vivo 
in mammalian systems, both a reporter molecule and a functional gene product. This may 
30 involve two separate mRNAs, each containing an mRNA destabilising element. Alternatively, 
an mRNA destabilising elements may be incorporated into a single destabilised transcript that 
gives rise to two separate proteins (e.g., using an internal ribosome entry site; IRES) or a fusion 
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protein comprised of the reporter and the functional gene product. 

The invention also provides cell lines stably expressing these vectors (with or without a 
control). Such cells have applications in areas such as drug screening. For example, cells 
5 containing a MAPK-dependent reporter vector provide a rapid and inexpensive method for 
testing the efficacy of drugs designed to inhibit MAPK or any pathway upstream of MAPK- 
dependent transcription in those cells. In SKBR3 human breast cancer cells, for example, 
MAPK activity is dependent on signalling from the overexpressed ErbB2 protein. Therefore, 
drugs that inhibit ErbB2, would cause a decrease in the fluorescence of SKBR3cells containing 

10 such a construct but not in cells lacking ErbB2. Alternatively, cells could be tested ± drug and 
± a specific ligand or treatment that leads to MAPK activation via a different pathway, in order 
to monitor inhibition of that pathway. Cell lines (or organisms) stably expressing a vector 
linked to a cell-cycle-regulated promoter can be used as very fast, simple and inexpensive 
means for measuring cell-cycle progression or cell proliferation. Such cell lines have obvious 

15 utility in drug screening and are contemplated in the present invention. Examples of cell-cycle 
regulated promoters are readily available, for example, (Lee, H et al 1995), (Stein, J et al 
1996) and (Huet, X et al 1996). 

Another embodiment of the present invention includes vectors, for the study of post- 
20 transcriptional regulation, particularly mRNA stability. The reporter is, for example, a 
destabilised variant of EGFP (e.g., dlEGFP, dlEYFP, dlECFP), with a different color variant 
in each separate vector. The TRE (linked to a minimal promoter such as mCMV) is 5' of the 
reporter encoding region and drives transcription in a tetracycline (or doxycycline) dependent 
fashion. Other inducible promoter systems can also be used. 

25 

In one embodiment, the mRNA instability elements described above are not included and in 
their place, MCSs are located, primarily in the 3'-UTR (see Fig. 4a) but also in the 5'-UTR 
and/or coding region in some specific embodiments. Sequences thought to affect mRNA 
stability can be tested by cloning them into the appropriate cloning site of a vector containing 
30 one color variant and measuring the rate of decrease in reporter levels after blocking 
transcription with tetracycline or doxycycline (see Fig. 7). If desired, the rate of decay can be 
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compared between the "test vector" and the "control vector," (which encodes a different colour 
EGFP variant and does not contain the sequence being tested) in the same cells. 

The MCS may usefully comprise or work in conjunction with restriction endonuclease sites 
5 which allow direct cloning of PCR products having overhangs (see below). 

In another related embodiment of the invention, one or more mRNA instability element(s) are 
included to assist scientists specifically searching for mRNA stabilising elements. Similarly, 
other embodiments include mRNA stabilising element(s) to assist scientists specifically 
10 searching for mRNA destabilising elements. 

In other embodiments, the control and one of the test reporters are both incorporated into a 
single vector, preferably a bi-directional plasmid (see Fig. 4b). 

15 Stabilising elements are useful for increasing levels of expressed protein for example during 
protein purification where high levels or protein are required or when a promoter is weak. 

Interference between the two promoters and moreover, transcription effects of the element 
or various stimuli tested, is circumvented by using a TRE or similar element to drive both 
20 reporters and by measuring reporter levels after addition of doxycycline (or tetracycline), 
which shuts off transcription from the vector. 

Still another aspect of the present invention contemplates a cell transfected or transduced with 
a vector according to the present comprising a transcribable polynucleotide which comprises 
25 a sequence of nucleotides encoding an RNA element which modulates the stability of a 
transcript corresponding to said transcribable polynucleotide; wherein said RNA element is a 
destabilising element which reduces the stability of said transcript. 

A related aspect of the instant invention considers a genetically modified non-human organism 
30 comprising a transcribable polynucleotide which comprises a sequence of nucleotides encoding 
an RNA element which modulates the stability of a transcript corresponding to said 
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transcribable polynucleotide; wherein said RNA element is a destabilising element which 
reduces the stability of said transcript. 

Yet a further embodiment of the present invention contemplates a method for determining 
5 expression of a polynucleotide of interest, said method comprising expressing said 
polynucleotide of interest from a reporter expression vector for a time and under conditions 
sufficient for RNA and protein synthesis to occur, said vector comprising a transcribable 
polynucleotide which comprises a sequence of nucleotides encoding a transcribed element and 
said polynucleotide of interest wherein said transcribed element modulates the stability of a 
10 transcript corresponding to said transcribable polynucleotide; and wherein said expression 
vector comprises one or more members in any order selected from the group consisting of: 

(i) a multiple cloning site for introducing said polynucleotide of interest; 

1 5 (ii) a reporter gene; 

(iii) a promoter for regulating expression of said polynucleotide of interest and/or 
a reporter gene, which promoter is preferably modulatable (e.g., using a 
tetracycline responsive element (TRE)); 

20 

(iv) a polyadenylation sequence; 

(v) a selectable marker gene; and 

25 (vi) an origin of replication; 

and measuring the level or activity of the reporter over time compared to a control wherein said 
destabilising element enhances the temporal correlation between promoter or enhancer activity 
and reporter level or activity. 



30 
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A combination of different RNA destabilising elements acting in combination is contemplated 
herein. 

The present invention is further described by the further non-limiting Examples. 

5 

EXAMPLE 1 
Cloning DNA Elements into Vectors 

Cloning is carried out according to existing methods, using restriction enzyme sites in the MCS 
10 or direct ligation of PCR products in the case of vectors with a "T overhang" in the MCS. With 
respect to post-transcriptional reporter vectors, however, the inclusion of a MCS in the 3 f -UTR 
or other regions is a significant improvement over current vectors, which were designed for 
transcriptional or other studies and do not contain convenient cloning sites in these locations. 

15 EXAMPLE 2 

Transfection 

Co-transfection of control and test vectors is performed as per existing methods (e.g., Fugene 
[Boehringer Mannheim, Mannheim, Germany] or electroporation), except in the case of the 
20 single (e.g., bi-directional) vector systems described above, which require only one vector and 
thus eliminate inaccuracies associated with co-transfection. 



25 EXAMPLE 3 

Measurement of Reporter Expression 

An immediate advantage of the vGFP system is that reporter expression can be visualized 
directly in living cells, simply by viewing the tissue culture plate or flask under a fluorescent 
30 microscope. Therefore, poor transfections can be identified and discarded before any additional 
time is wasted. Quantitative measurement can be performed using a fluorometer (e.g., 96 well 



WO 02/072844 



PCT/AU02/00351 



-44- 

plate format) and since live cells can be measured, the same samples can be measured 
repeatedly e.g., in a time course. 

A further advantage compared to luciferase and other enzyme based assays is that flow 
cytometry can also be used to measure reporter levels. 



EXAMPLE 4 

Advantages of Using Flow Cytometry to Measure Reporter Levels 

i. Two or more reporters (control and test) as well as additional parameters, can be 
measured individually in every cell at a rate of >2,000 cells per second. Therefore, in 
this application, the method yields thousands to hundreds of thousands of data points 
per sample versus one datum point for existing luciferase assays. 

ii. Accurate measurement of transfection efficiency: This is useful for optimising 
transfection protocols. In addition to allowing comparison of different methods, it is 
also possible to measure both expression per cell and the proportion of cells 
expressing. This helps the investigator to determine the cause of any problems. 

iii. Identification of co-transfection errors: Co-transfection studies are based on the 
premise that cells will take up and express an amount of control reporters, which is 
proportional to the amount of test plasmid taken up by the same cells. This is not 
always the case. By using the flow cytometry method described here, it is possible to 
correlate test versus control expression levels in different cells of the same sample. 
Invalid samples can be identified by the lack of a good linear relationship between test 
and control reporter levels. Such errors go unnoticed in current methods. 



iv. Simultaneous measurement of additional parameters: Fluorescent labelled antibodies 
can be used to quantify specific proteins on a cell by cell basis and this can be 
correlated with reporter levels to determine whether that protein affects gene expression 
via the element cloned into the reporter construct. Alternatively, the protein of interest 
can be expressed as a vGFP-fusion protein (the protein of interest fused to a GFP 
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variant) via transfection of an appropriate expression vector (inducible or non- 
inducible). Levels of the specific protein can then be correlated with the expression of 
a different GFP variant linked to a regulatory element of interest (co-transfected or 
transfected at a different time). In a third application, the vGFP reporter is linked to 
5 regulatory elements (e.g., promoters) thought to be cell cycle specific. Transfected cells 

are stained with a fluorescent DNA dye such as propidium iodide to measure DNA 
content, which is then correlated with reporter expression. In principle, several of the 
DNA constructs described herein, each containing a different vGFP, could be co- 
expressed and independently measured. Furthermore, other fluorescent markers could 
10 be used in conjunction with these vectors (singly or in multiples). 

v. Cell Sorting: Using a cell sorter, it is possible to isolate viable vGFP expressing cells 
from the non-expressors. This technique can be used to select stably expressing cells 
or to remove non-expressors prior to assay initiation. Similarly, it is possible to remove 
1 5 cells expressing very low and/or very high levels of vGFP. This can be used to generate 

a more homogeneous population and/or to remove cells expressing levels so high that 
they may not be physiological relevant or may perturb normal cellular function and/or 
may otherwise adversely affect the data obtained from the DNA vectors described 
herein. 

20 

It is important to note that transient and stable transfections of expression vectors result in a 
cell population with very heterogeneous levels of expression. In general a thousand fold 
difference between the highest and lowest expressor is not unusual. The present invention not 
only offers a method for selecting homogeneous populations when required (see v above), but 

25 can also utilise heterogeneity to the benefit of the scientist. For example, identifying co- 
transfection errors. Another example of this relates to (iv) above. To determine whether protein 
X affects transcription from promoter Y, then cells are transfected with a reporter construct 
expressing dlEGFP under the control of promoter Y. If required, cell sorting can be used to 
isolate cells transiently or stably expressing appropriate levels of dlEGFP. These cells are in 

30 turn transiently transfected with a vector expressing a protein X-EYFP fusion protein. During 
flow cytometry, EGFP is plotted on one axis and EYFP on the other. A positive correlation 
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would indicate that protein X increases transcription from promoter Y and a negative 
correlation would indicate that protein X inhibits transcription from promoter Y. 

Currently, scientists attempting to establish such a correlation would select several different 
5 clones of high versus low expressors of protein X. Each clone would then be separately 
transfected with a promoter Y-luciferase construct and the luciferase activities measured. The 
use of cell clones requires months of preparation and introduces many variables including pre- 
existing heterogeneity amongst the host cells and variable sites of vector integration (vector 
DNA may interfere with a specific gene at the integration site and this site is different for every 
10 clone). Furthermore, such a method yields very few data points, with each datum point 
obtained from a different transfection of a different clone. Thus, the new system is not only 
more versatile but is quicker and more accurate than existing methods. 

EXAMPLE 5 

15 Laser scanning cytometry (LSC) 

Unlike flow cytometry, LSC measures multi-colour fluorescence and light scatter of cells on 
slides, and records the position and time of measurement for each cell analysed. This technique 
provides data equivalent to flow cytometry but has the advantage of being microscope slide 
20 based (Darzynkiewicz et al. 9 1999; Kamentsky et al. 9 1997). Owing to the fluorescence of GFP 
and its variants, the techniques described for flow cytometry are also applicable to LSC. 

EXAMPLE 6 
Specific Methods for Post-Transcriptional Assays 

25 

These are best summarised by using the example of a study aimed at determining whether a 
specific 3'-UTR fragment affects mRNA stability. Although this example is one of transient 
expression, stable transfection could also be used 

30 (i). The 3 '-UTR fragment is ligated into the 3 '-UTR cloning site of the test vector and co- 
transfected with the control vector into a Tet-Off cell line. In the case of the bi- 
directional vector, no control vector is required. Indeed, the typical application does not 
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require a control reporter or vector since rate of decay can be measured in samples from 
within the same transfection. 5'-UTR fragments can be tested by inserting them into 
vectors with a 5'-UTR cloning site. 

(ii) . The cells are grown in the absence of doxycycline (or tetracycline) for 6-48 h to allow 

expression of both vectors. Alternatively, cells are grown with low doses of 
doxycycline (or tetracycline), for 6-48 h to block transcription and then switched to 
medium without doxycycline (or tetracycline) for 2-12 h to provide a brief burst of 
transcription. 

(iii) . High doses of doxycycline (or tetracycline) are then applied to shut off transcription 

from both vectors. 

(iv) . The fluorescence of both reporters is measured (by flow cytometry, fluorometry or 

LSC) in a time course following addition of doxycycline (or tetracycline). 

If the cloned element confers mRNA instability, a more rapid decrease in "test" fluorescence 
will be seen compared to "control" fluorescence of the same cells or sample. Similar studies 
can be used to test an mRNA element's response to certain stimuli or its effect in different cells 
or cells expressing different amounts of a specific protein, such as an RNA-binding protein. 
Applying the stimulus after doxycycline will determine whether pre-existing transcripts are 
affected by the stimulus. Inserting the element in different locations (e.g., 5'-UTR, 3'-UTR) 
will determine whether its function is dependent on position. Inserting a protein/polypeptide 
coding sequence (in frame) within the reporter-coding region of the vector, can be used to 
determine the effect of that sequence on mRNA and protein stability. 

RNA can be extracted from transfected cells and used to measure reporter mRNA directly. 
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EXAMPLE 7 
Transcription Reporter Vectors 

The vectors are plasmids suitable for expansion in E, coli and expression of a fluorescent 
5 reporter in eukaryotic cells. The plasmids may be used in sets. Each set is comprised of one 
or more "control" vectors and one or more "test" vectors. Every vector within a set expresses 
a similarly destabilised mRNA and a similarly destabilised fluorescent reporter protein. In 
addition to the standard features of such plasmids (ampicillin resistance, origin of replication 
etc.), each plasmid contains the following construct (see also Figs 2 and 3): 

10 

5'-— MCS/promoter— -transcription start site— 5'UTR— ATG-vEGFP encoding region - 
stop codon — 3'UTR with mRNA destabilising element — polyadenylation signal 

Where: 

15 

MCS/promoter denotes either a multiple cloning site (test vectors; see Fig. 2a) or a 
constitutively active promoter such as SV40 (control vectors; see Fig. 2b) or an inducible 
promoter such as TRE-mCMV (control vector; see Fig2c). 

20 ATG denotes a translation start codon. 

Stop codon denotes a translation stop codon. 

5'UTR denotes a 5' untranslated region. 

25 

3'UTR with mRNA destabilising element denotes a V untranslated region containing one 
or more of the mRNA destabilising elements outlined. 

vEGFP denotes a destabilised variant of EGFP. One set of plasmids is provided for each type 
30 of destabilising modification (e.g., 1 hr half-life, 2 hr half-life). Within each set of plasmids, 
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one vector is provided for each different colour variant. For example, one set contains vectors 
expressing dlEGFP, dlEYFP, dlECFP whereas another set expresses the d2 variants. 

In other examples, the control and one of the test reporters described above are both 
5 incorporated into a single vector, preferably a bi-directional plasmid (see Fig. 3). 

EXAMPLE 8 
Post-transcription Reporter Vectors 

10 Similar to the transcription reporter "control" vectors that contain a TRE-mCMV promoter , 
except that the mRNA destabilising element in the 3'-UTR is replaced with a MCS (see Fig. 
4a). In some embodiments, MCS are also located in the 5' UTR and/or coding region. 

Such a construct can be used as a "test" or a "control" vector for the post-transcriptional assays 
1 5 outlined herein. 

In other examples, the control and one of the test reporters described above are both 
incorporated into a single vector, preferably a bi-directional plasmid (see Fig. 4b). 

20 EXAMPLE 9 

Reporter Vectors for Assaying Specific Pathways 

Vectors similar to those described herein, into which a regulatory element has been inserted 
into the MCS for the purpose of studying or measuring the function of said regulatory element. 

25 For example, plasmids similar to the transcription reporter plasmids outlined herein, except 
that they contain within the MCS, a promoter or promoter element(s) or enhancer(s) that are 
responsive to pathways such as those referred to in Table 1 and/or contain any of the following 
cis-acting enhancer elements as described in Clontech's Mercury Pathway Profiling Systems: 
API, CRE, E2F, GRE, HSE, ISRE, Myc, NFAT, NFkB, p53, Rb, SRE. The reporter is 

30 preferably a destabilised version of GFP, luciferase or SEAP. 
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Cell lines and Mice for Assaying Specific Pathways 

Cell lines or genetically modified mice stably expressing one or more of the vectors 
described herein. 

5 

EXAMPLE 10 
Method of Use 

The vectors described in this invention are used for experimentation in essentially the same 
10 manner as the existing vectors that they replace, with the exception of the new methods 
described herein. 

Method of Construction 

15 The vectors and DNA constructs outlined here are assembled using standard cloning 
techniques. The SV40 and TRE-mCMV promoters described here as well as the more standard 
components of plasmid vectors (e.g., origin of replication, antibiotic resistance or another 
selection gene) are readily available in a variety of common vectors. DNA sequences encoding 
the destabilised variants of EGFP (e.g., dlEGFP, dlEYFP, dlECFP and d2EGFP, d2EYFP, 

20 d2ECFP) are available from Clontech (Clontech Laboratories Inc., Palo Alto, CA, USA). DNA 
sequences encoding destabilised DsRed variants are constructed by fusing to the 3' end of the 
DsRed encoding region, sequences encoding the degradation domains (or mutants thereof) 
from short-lived proteins. For example, amino acids 422-461 from mouse ornithine 
decarboxylase, which contains a PEST sequence. Such sequences could potentially be derived 

25 from existing dEGFP variants. 
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EXAMPLE 11 
Summary 

In summary the present vectors and methods are now available: 

5 

• Expression vectors or parts thereof that incorporate one or more mRNA instability 
elements in order to provide a relatively short-lived mRNA. Compared to existing 
expression vectors, the vectors claimed here provide kinetics of protein expression that 
correlate more closely with promoter activity. For example, the time lag between 

10 decreased promoter activity and decreased mRNA and protein levels is substantially 

reduced. 

• Expression vectors or parts thereof encoding a destabilised mRNA that in turn, encodes 
a destabilised protein. Compared to existing vectors, the vectors claimed here provide 

15 kinetics of protein expression that correlate more closely with promoter activity. 

• Expression vectors or parts thereof in which the mRNA destabilising elements are 
comprised of sequences cloned from short-lived mRNAs such as c-fos, examples of 
short-lived mRNAs include; c-fos, c-myc, GM-CSF, IL-3, TNF-alpha, IL-2, IL-6, IL-8, 

20 Urokinase, bcl-2, SGLT1 (Na(+)-coupled glucose transporter), Cox-2 (cyclooxygenase 

2), EL8, PAI-2 (plasminogen activator inhibitor type 2), betal -adrenergic receptor, 
GAP43 (5 'UTR and 3'UTR) AU-rich elements (AREs) and/or U-rich elements, 
including but not limited to single, tandem or multiple or overlapping copies of the 
nonamer UUAUUUA(U/A)(U/A) (where U/A is either an A or a U) (Lagnado et al 

25 1994) and/or the pentamer AUUUA (Xu et al 997) and/or the tetramer AUUU (Zubiaga 

et al 1995). Also included are minor modifications to or permutations of the elements 
listed above. The term "tandem copies," allows for both duplication and/or non- 
duplication of one or more of the outer nucleotides. For example, tandem copies of the 
pentamer AUUUA, includes sequences such as AUUU AUUU AUUUA as well as 

30 AUUUAAUUUAAUUUA. The 3' UTR or 5' UTR regions of short-lived mRNAs often 

contain destabilising sequences. 
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• Expression vectors or parts thereof in which the mRNA destabilising elements were 
identified or validated using the vectors described herein, which provide substantially 
improved methods for identifying such elements. 

5 

• Expression vectors or parts thereof, in which the destabilised mRNA encodes a short- 
lived reporter protein such as a destabilised variant of EGFP or luciferase. Compared 
to existing reporter vectors, the vectors claimed here provide kinetics of reporter 
expression that correlate more closely with promoter activity. For example, the time 

10 lag between decreased promoter activity and decreased mRNA and protein levels is 

substantially reduced. 



• Sets of reporter vectors or parts thereof that encode similarly destabilised mRNAs 
(similar to other vectors in the same set), which in turn, encode similarly (similar to 

15 other vectors in the same set) destabilised variants of EGFP or DsRed or other 

fluorescent markers. One or more vectors (control vectors) within each set contain a 
constitutive promoter (e.g., SV40, CMV, RSV, TK, TS; see Fig. 2b) or an inducible 
promoter (e.g., TRE-mCMV; see Fig. 2c), whereas the other vectors (test vectors) 
within each set contain a cloning site (e.g., MCS) in place of the promoter (e.g., see 

20 Fig. 2a). Applications of these vectors include but are not limited to the study or 

measurement of promoter activity. For example, a promoter element of interest can be 
cloned into the MCS of a test vector encoding dlEGFP and reporter expression 
measured relative to that of a control vector expressing dlEYFP. Also claimed is each 
individual vector described well as bi-directional vectors or other single vector systems 

25 that incorporate one test and one control reporter construct within the same vector (e.g., 

Fig. 3a and Fig. 3b). Compared to existing sets of reporter vectors, the vector sets 
claimed here offer the following advantages: 

a). A measurement of promoter activity that is closer to real-time. 



30 
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b) . Decreased errors due to the closer similarity between control and test 

constructs. 

c) . Decreased errors resulting from cross talk between test promoters and the 

control promoters. By utilising inducible promoters in the control vectors, such 
cross talk is minimised and/or identified and corrected for via measurement 
with and without induction. 

d) . Can be used in conjunction with the flow cytometry/LSC methods described. 



• Reporter vectors or sets of reporter vectors or parts thereof that utilise an inducible 
promoter, preferably but not exclusively the tetracycline responsive element (TRE), to 
drive expression of a destabilised fluorescent reporter protein (preferably but not 
exclusively destabilised EGFP variants). Such vectors contain cloning sites in the 3'- 

15 UTR (e.g., Fig. 4a) and/or 5'-UTR and/or reporter coding region, such that regulatory 

elements or putative regulatory elements can be cloned into a vector expressing one 
color fluorescent reporter and, if required, compared to a control vector which 
expresses a different color reporter and does not contain the element of interest. Such 
vectors have applications in the study or measurement of post-transcriptional 

20 regulation, since transcription can be shut off as desired via the inducible promoter. 

The advantages offered by these vectors include those listed in b-d, the ability to 

separate post-transcriptional effects from transcriptional effects and also: 

a). incorporation of convenient cloning sites, not present in other vectors; and 

25 b). the technique is more rapid than any existing method. 

• Single vector systems that essentially link one test and one control construct and 
described (e.g., Fig. 4b). Both test and control reporters are driven by an inducible 
promoter and the cloning sites allow ligation of regulatory elements into the test 

30 construct only. In addition to the advantages of vectors outlined, the single vector 
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systems eliminate problems and inaccuracies associated with co-transfection of 
separate test and control vectors. 

The use of flow cytometry or LSC to measure the levels of 2 or more fluorescent 
reporters expressed via the vectors outlined. In this application, the method yields 
thousands to hundreds of thousands of data points per sample versus one datum point 
for existing enzyme-based assays. Two or more reporters (control and test) as well as 
additional parameters (e.g., DNA content, levels of other proteins) can be measured 
individually in every cell. Also encompassed is the use of flow cytometry to correlate 
the levels of 2 or more reporters in multiple cells within the same sample and the 
utilisation of such data to optimise transfection protocols and/or identify problems 
associated with co-transfection. For example, invalid samples can be identified by the 
lack of a good linear relationship between test and control reporter levels. Such errors 
go unnoticed in current methods. 

Methods for utilising the post-transcriptional reporter vectors claimed. These methods 
are best summarised by using the example of a study aimed at determining whether a 
specific 3'-UTR fragment affects mRNA stability. Although this example is one of 
transient expression, stable transfection could also be used. 

(i) . The 3'-UTR fragment is ligated into the 3'-UTR cloning site of the test vector 

and co-transfected with the control vector into a Tet-Off cell line. In the case 
of the single vector system, no control vector is required. 5'-UTR fragments can 
be tested by inserting them into vectors with a 5'-UTR cloning site. 

(ii) . The cells are grown in the absence of doxycycline (or tetracycline) for 6-48 h 

to allow expression of both vectors. Alternatively, cells are grown with low 
doses of doxycycline (or tetracycline), for 6-48 h to block transcription and then 
switched to medium without doxycycline (or tetracycline) for 2-12 h to provide 
a brief burst of transcription. 
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(iii) . High doses of doxycycline (or tetracycline) are then applied to shut off 

transcription from both vectors. 

(iv) . The fluorescence of both reporters is measured (by flow cytometry, fluorometry 

or LSC) in a time course following addition of doxycycline (or tetracycline). 

If the cloned element confers mRNA instability, a more rapid decrease in "test" 
fluorescence will be seen compared to "control" fluorescence of the same cells or 
sample. Similar studies can be used to test an mRNA element's response to certain 
stimuli or its effect in different cells or cells expressing different amounts of a specific 
protein, such as an RNA-binding protein. Applying the stimulus after doxycycline will 
determine whether pre-existing transcripts are affected by the stimulus. Inserting the 
element in different locations (e.g., 5'-UTR, 3'-UTR) will determine whether its 
function is dependent on position. Inserting a protein/polypeptide coding sequence (in 
frame) within the reporter protein-coding region of the vector can be used to determine 
the effect of that sequence on mRNA and protein stability. 

RNA can be extracted from transfected cells and used to measure reporter mRNA 
directly. 

• Cell lines transiently or stably expressing one or more of the expression constructs or 
parts thereof claimed. 

• Cell lines transiently or stably expressing one or more of the expression constructs or 
parts thereof claimed, wherein the expression construct contains a regulatory element 
that serves as a marker for the activation of signal transduction pathways associated 
with human disease and/or response to drug treatment. Such pathways include, but are 
not restricted to the list in Table 1 and those indicated elsewhere in this document (e.g., 
CRE, SRE, API, cyclin A, B and Dl promoters). 
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• Transgenic mice, knock-in mice or other genetically modified mice expressing one or 
more of the expression constructs or parts thereof claimed. 

5 • Transgenic mice, knock-in mice or other genetically modified mice expressing one or 
more of the expression constructs or parts thereof claimed, wherein the expression 
construct contains a regulatory element that serves as a marker for the activation of 
signal transduction pathways associated with human disease and/or response to drug 
treatment. Such pathways include, but are not restricted to the list in Table 1. 

10 

• Destabilised variants of DsRed or the mutant DsRedl-E5. These can be constructed by 
fusing to the C-terminus of DsRed, degradation domains (or mutants thereof) from 
various unstable proteins. For example, amino acids 422-461 of mouse ornithine 
decarboxylase, which contains a PEST sequence (Li et al. 1998). Additional 

15 destabilising elements can also be added. Also contemplated are DNA constructs 

encoding destabilised variants of DsRed. 

• Vectors encoding destabilised variants of DsRed outlined, including such vectors also 
containing the mRNA instability elements outlined. 

20 

• The following method for creating Tet-Off or Tet-On cell lines: 

The tTA or rtTA expression vector, preferably a retrovirus, adenovirus or plasmid, is 
stably expressed in the cell line of interest using standard techniques and expressing 
cells are isolated via a drug resistance marker. These cells are then transiently 

25 transfected with a TRE-vGFP construct and subjected to several rounds of cell sorting 

by flow cytometry. For example, good Tet-Off cells would show no fluorescence in 
the presence of doxycycline and are sorted as such. After a further 5-48 hr without 
doxycycline, green cells are sorted. Finally, the cells are grown for a week or more 
without doxycycline and sorted a final time to eliminate stably transfected (green) 

30 cells. 
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EXAMPLE 12 

Vectors Incorporating mRNA and Protein Destabilising Elements 

The coding region of interest (e.g., a reporter such as EGFP or luciferase) could include 
5 combined sequence of a protein destabilising element (e.g., dl mutant of MODC; Clontech, 
but also including other PEST sequences or other protein destabilising elements such as 
ubiquitination sites) and an mRNA destabilising element (e.g., AU-rich element). 

For example, the stop codon of luciferase and DsRed is replaced with a Hind3 site (AAGCTT) 

10 to allow the addition of the sequence: 

AAGCTT AGCCATGGCTTCCCGCCGGCGGTGGCGGCGCAGGATGATGGCACGCTGC 
CCATGTCTTGTGCCCAGGAGAGCGGGATGGACCGTCACCCTGCAGCCTGTGCTTCT 
GCTAGGATCAATGTGTAG which is Clontech's dl mutant of MODC that confers a 1 In- 
half life to EGFP. This is followed by a linker (which becomes part of the 3'UTR and then: 

15 UUAUUUAUU GGCGG UUAUUUAUU CGGCG UUAUUUAUU GCGCG 
UUAUUUAUU ACTAG which contains 4 nonamers and connects to the Xbal site of the 
parent vector (pGL3; Promega) also in the 3'UTR but further downstream. 

EXAMPLE 13 

20 Direct Ligation of PCR Products 



Inclusion into the MCS of a vector of two separate but nearby RE recognition sites, which, 
when cut with that/those RE(s), leave a 3' overhang of a single T nucleotide at both ends of 
the remaining vector. For example, the recognition sequence for EclHKl is GACNNN, 

25 NNGTC (cuts between 3 rd and 4 th N from 5' leaving a 3' overhang of a single N at each end). 
Two of these sites are incorporating into the MCS, such that the short region between them 
is released by digestion with EclHKl, leaving a linearised vector with a 3' overhang of a 
single N at each end. In this example, the upstream recognition sequence should be 
5 ' GACNNTNNGTC3 ' and the downstream sequence 5 ' G ACNNANNGTC3 ' . After cutting 

30 with EclHKl, the large vector fragment will contain a single 3' T overhang at both ends 
(similar to Promega's pGEM-T Easy vector). This facilitates the direct ligation of PCR 
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products that are produced with a polymerase such as Taq, that yields a 5' A overhang. This 
constitutes a significant improvement over standard MCSs, which do not support direct 
ligation of PCR products without inclusion of RE sites into PCR primers and subsequent 
digestion of PCR product. This is also a significant improvement over the pGEM-T Easy 
5 vector, which cannot be amplified (supplied as linear) and is useful only for subcloning (i.e., 
PCR products are typically ligated into pGEM-T Easy, amplified and then removed by RE 
digestion and subsequently cloned into the expression vector of interest). Thus, the present 
MCS permits direct ligation of PCR products without the need for digesting them with a RE 
(which is often problematic) or subcloning them into an intermediate vector. 

10 

EXAMPLE 14 

Destabilised Reporter Model Shows Improved Real-Time Analysis 

Plasmid reporter vectors were assembled in a pGL3-Basic (Promega) backbone (ampicillin 

15 resistance gene etc.) using standard cloning techniques. A tetracycline-responsive element 
(TRE), derived from Clontech's pTRE-d2EGFP vector was inserted into the MCS. In some 
constructs the luciferase-coding region was replaced with the dlEGFP- or d2EGFP- coding 
sequence (including Kozak sequence) as defined by Clontech. This was achieved by PCR using 
appropriate primers with convenient 5' flanking RE sites. In some constructs, specific 

20 examples of mRNA destabilising elements were cloned into the 3'UTR-encoding region. 
Typically, these sequences were prepared by synthesising and then hybridising the sense and 
antisense sequences. Flanking sequences provided overhanging "sticky ends" that are 
compatible with those generated when the 3'UTR-encoding region is cut with specific 
restriction enzymes. Following digestion of the vector with these enzymes and subsequent 

25 purification, the hybridised oligomers were ligated into the vector using standard techniques. 
PCR of genomic DNA or cDNA from an appropriate source was used as an alternative method 
for obtaining the larger destabilising elements such as c-myc-ARE. Very small elements (e.g., 
1 or 2 nonamers) were incorporated into a reverse PCR primer that contained a 5' flanking RE 
site and a 3' flanking region complementary to the pre-existing 3'UTR in the vector template. 

30 Following PCR with an appropriate forward primer (complementary to the protein-coding 
region and overlapping an endogenous RE site), the PCR product was digested with the 
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appropriate RE sites and ligated into the original vector. 
Nomenclature; 

5 B = Vector backbone derived from Promega's pGL3-Basic 

T = Tetracycline-responsive element (TRE), derived from Clontech's pTRE-d2EGFP vector 

and used as a promoter to drive transcription of the reporter. 
Gl = GFP with 1 hr half-life used as reporter i.e., dlEGFP protein encoding sequence as 
defined by Clontech. 

10 G2 = GFP with 2 hr half-life used as reporter i.e., d2EGFP protein encoding sequence as 
defined by Clontech. 

L = Luciferase used as reporter i.e., The Firefly luciferase encoding sequence from pGL3-Basic 

(Promega). 
R = DsRed2 used as the reporter 
15 Rl = DsRed fused at the carboxy-end to the same MODC mutant as present in dlEGFP 

N6 = 6 copies of the nonamer TTATTTATT (SEQ ID NO: 1) inserted into the 3'UTR- 
encoding region. 

N4 = 4 copies of the nonamer TTATTTATT inserted into the 3'UTR-encoding region. 
N2 = 2 copies of the nonamer TTATTTATT inserted into the 3'UTR-encoding region. 
20 Nl = 1 copy of the nonamer TTATTTATT inserted into the 3 'UTR-encoding region. 

fos = The c-fos ARE as defined by Shyu et al (1989) inserted into the 3'UTR-encoding region 
i.e., 

5'AAAACGTTTTATTGTGTTTTTAATTTATTTATTAAGATGGATTCTCAGATATTTAT 

ATTTTTATTTTATTTTTTT3 ' . (SEQ ID NO: 2). 
25 myc = the myc ARE defined as follows 

5'ATGCATGATCAAATGCAACCTCACAACCTTGGCTGAGTCTTGAGACTGAAAGAT 

TTAGCCATAATGTAAACTGCCTCAAATTGGACTTTGGGCATAAAAGAACTTT 



30 



TTAAAAAATTTTAAGATTTACACAATGTTTCTCTGTAAATATTGCCATTAAAT 
GT AAAT AACTTT3 ' (SEQIDNO:2n 
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Method: 

Five micrograms of maxiprep quality DNA was transfected into -50% confluent 10cm flasks 
of HeLa Tet-Off cells (Clontech) using Fugene reagent (Roche). -Ten hours later, the flasks 
of cells were each split into -12 small (6cm) dishes and then incubated overnight (-12-14 hrs). 
5 At this time point (typically designated time zero or T 0 ), doxycycline was added to the culture 
media of most plates at a final concentration of 1 microgram per ml. Cells were trypsinised and 
collected at this and subsequent time points. For constructs expressing GFP, these samples 
were analysed by flow cytometry using standard FITC filters. Total GFP fluorescence was 
measured by gating out non-transfected cells (background fluorescence only) and then 
10 multiplying the mean fluorescence per cell (with background fluorescence subtracted) by the 
number of positive cells. RFP fluorescence (DsRed) was measured similarly using appropriate 
filters. Cells transfected with luciferase-encoding vectors were lysed and measured in a 
luminometer using Promega's Dual Luciferase Assay methods and reagents. 

15 Data are typically expressed as the percentage of reporter (fluorescence or luminescence) 
remaining, relative to time zero. 

Since the doxycycline added at time zero causes a block in transcription of the reporter, the rate 
of decrease in reporter levels indicates the time lag between altered transcription and altered 
20 reporter/protein levels. A prime purpose of the invention is to reduce this time lag and Figs 7, 
8, 9 and 11-14 demonstrate that this is achieved. 

As an example of the utility of this invention, a pharmaceutical company may wish to screen 
for drugs that reduce transcription of a gene involved in disease. The tetracycline/doxycycline- 

25 induced block in transcription from the TRE promoter is a model of such a system. Figs 7 and 
8 show that with the standard luciferase reporter vectors, even a total block in transcription 
(with doxycycline) is not detectable as a decrease in luciferase activity within 10 hrs. The 
destabilised EGFP mutants represent an improvement in that the total block in transcription 
is detectable as a 50% decrease in EGFP fluorescence within 1 1 hrs (d2EGFP; BTG2) or 7 hrs 

30 (dlEGFP; BTG1). However, when the latter reporter is combined with an mRNA destabilising 
element such as 4 copies of the nonamer UUAUUUAUU (BTG1N4), a 50% decrease in 
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reporter levels is detectable within 3 hrs. It follows that an increase in a transcription would 
also be detected sooner with constructs containing the destabilising elements (Roth, 1995). 

Of course the action of doxycycline is not immediate so that part of the time lag is due to the 
5 time required for this drug to induce a 100% transcriptional block. Therefore, the "Effective 
rate of decay" was measured by plotting data points subsequent to and relative to the time point 
at 4 hrs after addition of doxycycline (Fig. 9). The effective rate of decay therefore excludes 
the delay in drug action and is a combined effect of protein and mRNA half-lives. Fig. 9 shows 
the effective rate of decay with constructs containing 1, 2 or 4 nonamers. These data show that 

10 4 nonamers are more efficient than 2, which is more efficient than 1 . Furthermore, these data 
show that by combining a 1 hr half-life protein (dlEGFP) with 4 nonamers, an effective rate 
of decay of approximately 1 hr 20 mins can be achieved. This is very close to the 1 hr half-life 
of the protein and demonstrates an extremely short mRNA half-life. Further reduction could 
be achieved by combining 2 or more different mRNA instability elements (Fig. 13). However, 

15 this is unlikely to be required for most applications. Applications that require a more moderate 
destabilising effect could utilise 1 or 2 nonamers, rather than 4. 

With the standard luciferase reporter, luminescence actually increased after the addition of 
doxycycline. This is most apparent when the data is expressed on a linear scale (Fig. 8) and can 

20 be explained, in part, by the delay in the action of doxycycline. However, even from 4 hrs 
onwards, no decay is evident, demonstrating the inadequacy of this reporter for measuring 
changes in transcription over time. A further problem of this vector is revealed in Fig. 10. 
These data relate to changes in reporter levels over time (24-34 hrs post transfection), in the 
absence of any treatment or drug. Reporter levels generally increase during the first 24 hrs post 

25 transfection as the plasmids enter the cells and begin to be expressed. A decrease is generally 
seen from about 48 hrs as the plasmids are expelled from the cells. Therefore, measurements 
are typically taken between 24 and 48 hrs. In the absence of drugs or treatment, the new vector 
(BTG1N4), containing the instability elements, shows excellent stability of reporter levels. In 
contrast, the luciferase vector is clearly still ramping up expression levels. Constructs with 

30 moderate stability (e.g., BTG1) showed intermediate results. Clearly reporters with longer 
mRNA and protein half-lives will undergo a more lengthy ramping up phase as indicated in 
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Fig. 10. The more stable expression levels seen with the new construct during the critical 
period of 24-34 hrs will facilitate accurate measurement and represent another advantage of 
the invention. 

5 The rate of decrease in reporter levels can be compared between two or more constructs, 
which differ in their reporter mRNA sequence (e.g., in 3'UTR) but encode the same protein 
or different proteins with the same half-life (e.g., d2EGFP, d2EYFP). In this context, 
differences in the rate of decay indicate an effect of the altered mRNA sequence on mRNA 
stability. For example, the presence of 4 UUAUUUAUU nonamers as DNA TTATTTATT 
10 (SEQ ID NO: 1) (Figs 7-9) or the c-fos ARE (Fig. 1 1) (SEQ ID NO: 2), within the 3'UTR 
significantly increased the rate of mRNA decay. In addition to demonstrating the effectiveness 
of these elements, the methods and vectors used also represent a substantially improved 
system for detecting other cis-acting mRNA stability/instability elements and this process is 
also encompassed herein. 

15 

As shown in Figures 12 to 14 mRNA destabilising elements work with Luciferase, GFP and 
DsRed not withstanding the low level of homology between these reporters. DsRed has only 
23% homology with EGFP. As shown in Figure 14 myc ARE (SEQ ID NO: 21) are effective 
and are also effective in combination with different destabilising elements. 

20 

EXAMPLE 15 
mRNA Destabilising Elements 

RNA destabilising elements in accordance with the present invention can be derived inter alia 
25 from the 3'UTR of the following genes. In most cases, the full-length 3'UTR can be used. 
However, the U-rich and/or AU-rich elements can often be used alone. 

a) Phosphoenolpyruvate carboxykinase (PEPCK) mRNA destabilising elements 

described by Laterza OF et al Regions within 3' half of 3'UTR referred to as JW6 
30 and JW7 i.e., GTATGTTTAAATTATTTTTATACACTGCC 

CTTTCTTACCTTTCTTTACATAATTGAAATAGGTATCCTGACCA (SEQ ID 



WO 02/072844 



PCT7AU02/00351 



-63 - 

NO: 4). 

b) The Bicoid gene from Drosophila melanosaster comprises an mRNA destabilising 
element in first 43 nt of 3'UTR (Surdej f.etal) such an element can be used inter alia 
to destabilise mRNA in insect cells. 

c) The Human Thioredoxin reductase gene (Gasdaska, JR et al). The entire 3'UTR. 
Nucleotide 1933-3690 (contains 6 AU-rich elements). Segment containing 3 upstream 
AU repeats (nucleotide 1975-3360). There is also as Non- AU-rich destabilising 
element at nt 1933-2014. 

d) Heat Stable Antigen (HSA) Gene described in Zhou, Q et al. For example, nucleotides 
1465-1625 in the 3'UTR. 

e) Granulocyte-macrophage colony stimulating factor (GM-CSF) ARE described by 
Chyi-Ying, A et al. AGUAAUAUUUAUAUAUUUAUAUUUUUAA AAUAUUU 
AUUUAUUUAUUUAUUUAA ie as DNA: AGTAAUATTTATATA 
TTTATATTTTTAAAATATTTATTTATTTATTTATTTAA (SEQ ID NO: 5). 

f) c-fos full length 3 'UTR or part thereof or ARE as defined by Shyu et al 5 ' AA 
AACGTTTTATTGTGTTTTTAATTTATTTATTAAGATGGATTCTCAGATATT 
TATATTTTT ATTTTATTTTTTT3 ' (SEQ ID NO: 2). 

Or by Peng, S et al. 5'TTTTATTGTGTTTTTAATTTATTTATTAAGATGGAT 
TCTCAGATATTTATATTTTTATTTTATTTTTTTT3' (SEQ ID NO: 6). 

g) c-iun ARE as described by Peng, S et al. 5 'UUUCGUUAACUGUGUAUGUA 
CAUAUAUAUAUUUUUUAAUUUGAUUAAAGCUGAUUACUGUGAAUAAA 
C AGCUUCAUGCCUUUGUAAGUU3 ' Sequence as DNA: 5 'TTTCGTT AACT 
GTGTATGTACATATATATATTTTTTAATTTGATTAAAGCTGATTACTGTG 
AATAAACAGCTTCATGCCTTTGTAAGTT3' (SEQ ID NO: 7). 
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or the mutant thereof which does not contain a polyadenylation (AAUAAA) signal 
i.e., 5 'UUUCGUUAACUGUGUAUGUACAUAUAUAUAUXJUUUUAAUU 
UGAUUAAAGCUGAUUACUGUGgAUccACAGCUUCAUGCCUUUGUAAGU 
U3' or as DNA 5'TTTCGTTAACTGTGTATGTACATATATATATTTTTTAA 
TTTGATTAAAGCTGATTACTGTGgATccACAGCTTCATGCCTTTGTAAGTT 
3' (SEQIDNO: 8). 

h) Sequences from the following genes, that include their respective ARE components 
as described by Henics, T. et al. ; 

WN-yARE 

5'UCUAUUUAUUAAUAUUUAACAUUAUUUAUAUAUGGG3' or as DNA 
5 'TCT ATTT ATT AAT ATTTAAC ATT ATTT AT AT ATGGG3 ' (SEQ ID NO: 9). 

i) IL-2 ARE 

5 ' CUCU AUUU AUUUAAAUAUUUA ACUUU AAUUU AUUUUUGGAUGUAU 
UGUUUACUAACUUTJUAGUGCUUCCCACUUAAAACAUAUCAGGCUUCU 
AUUU AUUU AAAUAUUUAAAUUUUAU AUUU AUU3 ' or as DNA 
5'CTCTATTT 

ATTT AAAT ATTT AACTTTAATTTATTTTTGGATGTATTGTTT ACT AACTTT 
TAGTGCTTCCCACTTAAAACATATCAGGCTTCTATTTATTTAAATATTTA 
AATTTTAT ATTT ATT3 ' (SEQ ID NO: 10). 

j) c-mvc ARE fsee also SEP ID NO:21) 

5 ' AUAAACCCUAAUUUUUUUUAUUUAAGUACAUUUUGCUUUUAAAGUU3 ' 
or as DNA 5 ' AT AAACCCT AATTTTTTTT ATTTAAGTAC ATTTTGCTTTT AAAG 
TT3' (SEQIDNO: 11). 



k) 



IL-10 

5'UAGAAUAUUUAUUACCUCUGAUACCUCAACCCCCAUUUCUAUUUAU 
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UUACUGAGCUUCUCUGUGAACGAUUUAGAAAGAAGCCCAAUAUUAUA 
AUUUUUUUC AAUAUUUAUUAUUUUCA3 ' or as DNA 5'TAGAATATTTATT 
ACCTCTGATACCTCAACCCCCATTTCTATTTATTTACTGAGCTTCTCTGTG 
AACGATTTAGAAAGAAGCCCAATATTATAATTTTTTTCAATATTTATTAT 
5 TTTCA3' (SEQ ID NO: 12). 

1) bcl-2 

Sequences from the bcl-2 3'UTR that include all or part of the bcl-2 ARE as defined 
by Schiavone, N et al. 5 'UCAGCUAUUUACUGCCAAAGGGAAAUA 
10 UCAUUUAUUUUUUACAUUAUUAAGAAAA 

CAGUCCC AUC AAAACUCCGUCUUUGGAAAUC3 ' (M13994 from nt 2371- 
2475) or as DNA 5 ' TC AGCTATTT ACTGCC AAAGGGAAAT ATC ATTT ATTT 
TTTACATTATTAAGAAAAAAGATTTATTTATTTAAGACAGTCCCATCAAA 
ACTCCGTCTTTGGAAATC3 ' (SEQ ID NO: 13). 

15 

m) TNF ARE as described by Xu, N et al. 5 ' AUU AUUUAUU AUUU AUUUAUU A 

UUUAUUUAUUUA3' or as DNA 5 'ATT ATTT ATT ATTT ATTT ATT ATTT ATTT 
ATTT A3' (SEQ ID NO: 14). 

20 n) IL3 ARE as described by Xu, N et al. 5 'UAUUUUAUUCC AUUAAGGCUAUU 
UAUUUAUGUAUUUAUGUAUUUAUUUAUUUAUU3' or as DNA 5'TATTTT 
ATTCCATTAAGGCT ATTT ATTTATGT ATTT ATGT ATTT ATTTATTTATT3' 
(SEQ ID NO: 15). 

25 o) The nonamer UUAUUUAUU as DNA TTATTTATT (SEQ ID NO: 1) 
As described by Zubiaga, A et al. 

p) The nonamer UUAUUUA(U/A)(U/A) as DNA TTATTTA(T/A)(T/A) (SEQ ID 
NO: 3) as described by Lagnado, C et al. 

30 

q) The pentamer AUUUA as described by Xu, N et al. or as DNA ATTTA (SEQ ID 
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NO: 16) 

r) The tetramer AUUU or as DNA ATTT (SEQ ID NO: 1 7). 

AU-rich elements (AREs) in general of both class I and class II as described by 
Chen, C and Shyu, A. 

Plants have DST (downstream sequences) which act as destabilising elements. DST 
sequence are defined in: Newnan, T et ah A proposed consensus DST sequence is: 

GGAgN 2 -9cATAGATTaN 3 .8(A/C)(T/A)(A/T)TttGTA(T/C) 

s) This is based on comparison of 9 different DST sequences. 
Bold = conserved in 9/9 genes. 
Capital = conserved in at least 7/9 genes 
N2-9 = variable length region of 2-9 nucleotides; average = 5. 
N3-8 = variable length region of 3-8 nucleotides; average = 6. 
Distance from stop codon = 19-83 nt. 

Further examples of DST sequences include the: 

Soybean 10A5 gene; 

5'GGAGN 5 CATAGATTAN 8 AAATTTGTAC3' (SEQ ID NO: 18). 
Arabidopsis SAURAC1 gene : 

5'GGAAN9CATAGATCGN 8 CAATGCGTAT3' (SEQ ID NO: 19). 

DST sequences are an alternative to AU-rich elements for use in plants. Both AU- 
rich elements and DST sequences destabilise transcripts in plants. 



t) Iron Responsive Element (IRE) 
Thomson, A et al 1999. 
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IREs contain consensus CAGUG in a hairpin-loop. 

Examples: 

Ferritin IRE; 

GUUCUUGCUUCAACAGUGUUUGAACGGAAC or as DNA GTTCTTGCTTCA 
ACAGTGTTTGAACGGAAC (SEQ ID NO: 20). 

Transferrin Receptor IRE; 

GAUUAUCGGGAGCAGUGUCUUCCAUAAUC or as DNA GATTATCGGGAG 
CAGTGTCTTCCATAATC (SEQ ID NO: 21). 

Iron Regulatory Proteins (IRPs; e.g., IRP1 and 2) bind IREs in an iron-dependent 
fashion. Binding is also modulated by various other stimuli and treatments (e.g., 
oxidative stress, nitric oxide, erythropoietin, thyroid hormone or phosphorylation by 
PKCs. 

EREs can modulate both translational efficiency and mRNA stability. For example, the 
5'UTR IRE in Ferritin mRNA blocks translation only when bound to an IRP. The IREs 
in the 3'UTR of Transferrin receptor mRNA inhibit mRNA decay when bound by an 
IRP. Therefore, IREs can be inserted into 5'UTR or 3'UTR of expression vectors to 
provide expression that can be controlled by modulating iron levels or other stimuli. 

Destabilising elements can be used with Clontech's Mercury Pathway Profiling vectors 
and in vivo kinase assay kits. Clontech produce 3 different protein destabilising 
elements, all containing a PEST sequence and all derived from the MODC gene. 
Different mutant MODCs placed at the carboxy-end of EGFP provide protein half-lives 
of 1 hr, 2 hr and 4 hr. mRNA destabilising elements in accordance with the present 
invention can be used in conjunction with these and any other protein destabilising 
element (e.g., ubiquitination signals). 



u) 



c-mvc ARE may also be defined as: 5 ' ATGCATGATCAAATGC AACCTCAC 
AACCTTGGCTGAGTCTTGAGACTGAAAGATTTAGCCATAATGTAAACTG 
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CCTCAAATTGGACTTTGGGCATAAAAGAACTTTTTTATGCTTACCATCTT 

AGATTTACACAATGTTTCTCTGTAAATATTGCCATTAAATGTAAATAACT 
TT3' (SEQIDNO: 22). 

5 

Another useful mRNA element can be obtained from histone mRNA, Specifically, 
3 'UTR sequences including a consensus stem loop structure are described by Gallie, 
D et al: 

TGA -N70.40-CCAAAGGYYYUUYUNARRRCCACCCA, where Y=pyrimidine, 
1 0 R=purine, N= any nucleotide or as DNA TGA-N 20 ^o-CC AAAGGYYYTTYTN 

ARRRCCACCCA (SEQ ID NO: 23). 

Such sequences can increase translational efficiency. Moreover, they are capable of 
directing mRNA decay specifically outside of S phase. Reporter constructs containing 
15 a cell-cycle-specific promoter, together with mRNA destabilising elements are 

contemplated in this invention as a tool for directing cell-cycle specific expression 
(e.g., of a reporter). The histone 3'UTR element offers an alternative for use with an 
S -phase or late Gl specific promoter, since it will direct increased mRNA decay in G2 
relative to S-phase, thus further restricting protein expression to S phase. 



20 



25 



Yet another use of 3'UTR elements in expression vectors is for the purpose of 
specifically localising the chimeric mRNA. For example, the utrophin 3'UTR is 
capable of directing reporter mRNA to the cytoskeletal-bound polysomes. mRNA 
stabilising elements are also contained in this 3'UTR (Gramolini, A, et al) 

EXAMPLE 16 

mRNA Stabilising Elements and Expression Vectors encoding a stabilised mRNA 



Stabilising sequences may contain CT-rich elements and/or sequences derived from long- 
3 0 lived mRNAs (particularly 3 'UTR regions) 
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CT-rich elements may contain (C/U)CCAN x CCC(U/A)Py x UC(C/U)CC as described by 
Holcik and Liebhaber, 1997. 

CT-rich elements may contain the following element 
5 CCTCCTGCCCGCTGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGC or parts 
thereof, including CCTCC, CCTCCTGCC or CCCTCCTCCCCTGG 

A 14 nt pyrimidine-rich region from the 3'UTR of human beta-globin described by Yu and 
Russell is also contemplated for use as a stabilising element. 

10 

Examples of long-lived mRNAs from which stabilising elements may be derived include; 
Alpha2 globin, Alphal globin, beta globin. From human, mouse, rabbit or other species, 
bovine growth hormone 3'UTR. 

15 The mRNA instability elements described herein generally act in a dominant-fashion to 
destabilise chimeric genes. It follows, therefore that mRNA stabilising elements are often 
recessive-acting. For example, insertion of a c-fos ARE into the rabbit beta-globin gene, results 
in a destabilised transcript despite the continued presence of mRNA stability elements (Shyu, 
A et ah 1989). Both alpha- and beta-globin mRNAs contain stability elements that have been 

20 mapped to their respective 3'UTRs, whereas zeta-globin mRNA lacks these elements and is 
less stable. Replacing the zeta-globin 3'UTR with that of alpha globin mRNA nearly doubles 
mRNA stability (Russell, J et ah 1998). However, such elements do not stabilise all transcripts. 
Therefore, the requirements for generating an expression vector that expresses a stable mRNA 
differ, dependent on the original mRNA that is to be stabilised. To create such a vector it is 

25 generally preferable to include large segments from a stable gene such as alpha- or beta-globin. 
With these examples, such segments should preferably include the entire globin 3'UTR, 
replacing the endogenous 3'UTR. As exemplified with zeta-globin, this is sometimes 
sufficient. However, the further incorporation of protein-coding and/or 5'UTR sequences is 
often required. Generally, it is preferable to replace any endogenous AU- or U-rich regions, 

30 which may act as dominant destabilising elements (these can be identified using the techniques 
described herein). Such regions in the 5'UTR or 3'UTR are simply replaced with alpha- or 
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beta-globin sequences from the same relative position. Instability elements from the coding 
region can be rendered non-functional by mutation to synonymous codons. The globin protein- 
coding region can be incorporated into the coding region of the gene of interest to create an N- 
or C-terminal fusion protein. However this is often not desirable and it is generally sufficient 
to localise the globin protein-coding region (and 3'UTR) into the 3'UTR of the chimeric gene. 
This allows expression of the desired protein from a more stable transcript, thus markedly 
increasing levels of the protein. When the desired protein is a reporter or is fused to a reporter 
or can be easily distinguished from endogenous protein, the TRE vector system described 
herein (see Fig. 7) greatly facilitates the testing of chimeric constructs for mRNA stability. 

Those skilled in the art will be aware that the invention described herein is subject to variations 
and modifications other than those specifically described. It is to be understood that the 
invention described herein includes all such variations and modifications. The invention also 
includes all such steps, features, compositions and compounds referred to or indicated in this 
specification, individually or collectively, and any and all combinations of any two or more of 
said steps or features. 
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TABLE 1 

Signal transducers that could be used in the present invention 

Signal transducer 



AKT (also called PKB) 
Fas L / BID 
JAK 7 Stat 
MKK-47 / JNK 
MTOR / p70 s6 kinase 
NFkB 
p38 

PKA/Rapl B-raf 
Ras / Raf 
Wnt / GSK3 
Erk 1&2 
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CLAIMS 

1 . An expression vector comprising a transcribable polynucleotide which comprises a 
sequence of nucleotides encoding an RNA element which modulates the stability of a transcript 

5 corresponding to said transcribable polynucleotide. 

2. An expression vector according to claim 1 wherein said RNA element is a destabilising 
element which reduces the stability of said transcript. 

10 3. An expression vector according to claim 1 wherein said RNA element is a stabilising 
element which increases the stability of said transcript. 

4. An expression vector according to claim 2 wherein said transcribable polynucleotide 
comprises a polynucleotide of interest and encodes a polypeptide. 

15 

5. An expression vector according to claim 4 wherein said polypeptide comprises a 
reporter protein. 

6. An expression vector according to claim 2 wherein said transcribable polynucleotide 
20 comprises a sequence of nucleotides encoding a reporter protein. 

7. A vector according to claim 1 or 2 comprising one or more members selected from the 
group consisting of: 

25 (i) a multiple cloning site for introducing a sequence of nucleotides; 

(ii) a reporter gene; 



(iii) a promoter and/or enhancer for regulating expression of said transcribable 
30 polynucleotide; 
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(iv) a polyadenylation sequence; 

(v) a selectable marker gene; and 

5 

(vi) an origin of replication. 

8. A vector according to claim 7 further comprising at least one site which is cleavable 
enzymatically or otherwise biochemically to provide a linearised vector into which PCR 
10 amplification products are clonable directly. 

9 A vector according to claim 2 wherein the sequence of nucleotides encoding said 
destabilising element is, or is derived from, a gene selected from c-fos, c-jun, c-myc, GM-CSF, 
IL-3, TNF-alpha, IL-2, IL-6, IL-8, IL-10, Urokinase, bcl-2, SGLT1 (Na(+) -coupled glucose 
15 transporter), Cox-2 (cyclooxygenase 2), IL-8, PAI-2 (plasminogen activator inhibitor type 2), 
beta 1 -adrenergic receptor or GAP43. 

10. A vector according to claim 3 wherein the sequence of nucleotides encoding said 
stabilising element is, or is derived from, a gene selected from alpha2 globin, alphal globin, 

20 beta globin, or growth hormone, erythropoietin, ribonucleotide reductase Rl or ml muscarinic 
acetylcholine. 

11. A vector according to claim 5 wherein the sequence of nucleotides encoding said 
destabilising element is selected from any one of SEQ ID NOS 1 to 23, or biologically active 

25 fragments thereof, or variants or derivatives of these. 

12. A vector according to claim 11 wherein the sequence of nucleotides encoding said 
destabilising element is selected from SEQ ID NO: 1, 2 or 22 , or biologically active fragments 
thereof, or variants or derivatives of these. 

30 
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13. A vector according to claim 5 or 6 wherein said reporter protein is selected from 
Luciferase, Green Fluorescent Protein, Red Fluorescent Protein, SEAP, CAT, or biologically 
active fragments thereof, or variants or derivatives of these. 

14. A vector according to claim 4 wherein said polypeptide comprises a protein 
destabilising element. 

15. A vector according to claim 13 wherein said reporter protein comprises a protein 
destabilising element. 

16. A vector according to claim 14 or 15 wherein said protein destabilising element is 
encoded by a sequence of nucleotides encoding a PEST sequence or a ubiquitin or a 
biologically active fragment thereof, or variant or derivative of these. 

17. A cell comprising one or more vectors according any one of the preceding claims. 

18. A cell according to claim 17 wherein said cell is a eukaryotic cell. 

19. A cell according to claim 18 wherein said cell is a mammalian cell. 

20. A cell according to claim 19 wherein said cell is a human cell. 

21. A genetically modified non-human organism comprising one or more of the vectors 
according to any one of claims 1 to 16. 

22. A method for determining expression of a polynucleotide of interest, said method 
comprising expressing said polynucleotide of interest from an expression vector for a time and 
under conditions sufficient for RNA and protein synthesis to occur, said vector comprising a 
transcribable polynucleotide which comprises said polynucleotide of interest and a sequence 
of nucleotides encoding an RNA element which modulates the stability of a transcript 
corresponding to said transcribable polynucleotide; and wherein said expression vector 
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comprises one or more members selected from the group consisting of: 

(i) a multiple cloning site for introducing a sequence of nucleotides; 

5 (ii) a reporter gene; 

(iii) a promoter and/or enhancer for regulating expression of said transcribable 
polynucleotide ; 

10 (iv) a polyadenylation sequence; 

(v) a selectable marker gene; and 

(vi) an origin of replication; 

15 

and measuring the level and/or functional activity of an expression product of the transcribable 
polynucleotide over time compared to a control wherein said element enhances the temporal 
correlation between the activity of the promoter and/or enhancer that is operably connected to 
said transcribable polynucleotide and the level and/or functional activity of said expression 
20 product. 

23. A method according to claim 22 wherein the transcribable polynucleotide comprising 
a sequence of nucleotides encoding said RNA destabilising element is, or is derived from, a 
gene selected from c-fos, c-jun, c-myc, GM-CSF, IL-3, TNF-alpha, IL-2, IL-6, IL-8, IL-10, 
25 Urokinase, bcl-2, SGLT1 (Na(+) -coupled glucose transporter), Cox-2 (cyclooxygenase 2), IL- 
8, PAI-2 (plasminogen activator inhibitor type 2), beta 1 -adrenergic receptor or GAP43. 



30 



24. A method according to claim 22 wherein the transcribable polynucleotide encoding said 
RNA destabilising element comprises a sequence of nucleotides as set forth in any one of SEQ 
ID NOS 1 to 23, or a biologically active fragment thereof, or variants or derivatives of these. 
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25. A method according to claim 22 wherein the transcribable polynucleotide encoding said 
RNA destabilising element comprises a sequence set forth in SEQ ID NO: 1, 2 or 22, or a 
biologically active fragment thereof, or variants or derivatives of these. 



26. A method for identifying a nucleotide sequence encoding an RNA element which 
modulates the stability of an RNA transcript, said method comprising introducing a test 
nucleotide sequence into an expression vector whereby said nucleotide sequence is connected 
to a polynucleotide encoding a reporter protein to form a transcribable polynucleotide which 
10 is operably connected to a promoter and/or enhancer; expressing said transcribable 
polynucleotide for a time and under conditions sufficient for RNA and protein synthesis to 
occur; and wherein said expression vector comprises one or more members selected from the 
group consisting of: 

15 (i) a multiple cloning site for introducing said test nucleotide sequence; 



(iv) an origin of replication; 

and measuring the level and/or functional activity of an expression product of said 
transcribable polynucleotide over time compared to that of a control vector in the absence of 
25 said nucleotide sequence, wherein a level and/or functional activity which is different to that 
of the control vector over that time is indicative of a nucleotide sequence that encodes said 
RNA element. 



(ii) 



a polyadenylation sequence; 



(iii) 



a selectable marker gene; and 



20 



27. The method of claim 26, wherein the promoter is modulatable. 

30 
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28. The method of claim 27, wherein the promoter is inducible. 

29. The method of claim 27, wherein the promoter is repressible. 

30. The method of claim 26, wherein the expression product whose level and or functional 
activity is measured is said reporter protein. 

3 1 . The method of claim 26, wherein said reporter protein is selected from Luciferase, 
Green Fluorescent Protein, Red Fluorescent Protein, SEAP, CAT, or biologically active 
fragments thereof, or variants or derivatives of these. 

32. The method of claim 3 1 , wherein said reporter protein comprises a protein destabilising 
element. 

33. The method of claim 32, wherein said protein destabilising element is encoded by a 
sequence of nucleotides encoding a PEST sequence or a ubiquitin or a biologically active 
fragment thereof, or variant or derivative of these. 
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Figure 1. 

Expression Vectors Encoding a Destabilised mRNA 
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Figure 2. 
Transcription Reporter Vectors 
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Fig. 2b. Vector Series 3 




Fig. 2c. Vector Series 4 
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Figure 3. 

Bi-directional Transcription Reporter Vectors 
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Fig. 3b. Vector Series 6 
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Figure 4. 

Reporter Vectors For Studying Post-transcriptional Regulation 
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Figure 5. 

Evidence For Errors Associated with Co-transfection in Luciferase-based 
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Figure 6. 

Evidence For Errors Associated with Dual Luciferase Assay. 
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Figure 7. 



Response to a Drug that Blocks Transcription 
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Figure 8. 
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Figure 9. 



Effective Rate of Decay 
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Figure 10 



Change in Reporter Levels Without Treatment 
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Figure 11 
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Figure 13 
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Figure 13 
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Figure 14 



Response to a Drug that Blocks Transcription 
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SEQUENCE LISTING 

<110> Gene Stream Pty Ltd 
<120> Novel Expression Vectors 
<130> 2510548/VPA 
<160> 23 

<170> Patentln version 3.0 

<210> 1 

<211> 9 

<212> DNA 

<213> firefly 

<400> 1 

ttatttatt 9 

<210> 2 

<211> 75 

<212> DNA 

<213> Mammalian 

<400> 2 

aaaacgtttt attgtgtttt taatttattt attaagatgg attctcagat atttatattt 60 
ttattttatt ttttt 75 



<210> 3 

<211> 9 

<212> DNA 

<213> Mammalian 

<400> 3 

ttatttaww 9 



<210> 4 

<211> 73 

<212> DNA 

<213> Mammalian 

<400> 4 

gtatgtttaa attattttta tacactgccc tttcttacct ttctttacat aattgaaata 60 
ggtatcctga cca 73 



<210> 5 

<211> 53 

<212> DNA 

<213> Mammalian 

<400> 5 

agtaatattt atatatttat atttttaaaa tatttattta tttatttatt taa 53 



- 1 - 
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<210> 6 

<211> 70 

<212> DNA 

<213> Mammalian 

<400> 6 

ttttattgtg tttttaattt atttattaag atggattctc agatatttat atttttattt 60 
tatttttttt 70 



<210> 7 

<211> 89 

<212> DNA 

<213> Mammalian 

<400> 7 

tttcgttaac tgtgtatgta catatatata ttttttaatt tgattaaagc tgattactgt 60 
gaataaacag cttcatgcct ttgtaagtt 89 



<210> 8 

<211> 89 

<212> DNA 

<213> Mammalian 

<400> 8 

tttcgttaac tgtgtatgta catatatata ttttttaatt tgattaaagc tgattactgt 60 
ggatccacag cttcatgcct ttgtaagtt 89 



<210> 9 

<211> 36 

<212> DNA 

<213> Mammalian 

<400> 9 

tctatttatt aatatttaac attatttata tatggg 36 



<210> 10 

<211> 124 

<212> DNA 

<213> Mammalian 

<400> 10 

ctctatttat ttaaatattt aactttaatt tatttttgga tgtattgttt actaactttt 60 

agtgcttccc acttaaaaca tatcaggctt ctatttattt aaatatttaa attttatatt 120 

tatt 124 



<210> 11 

<211> 46 

<212> DNA 

<213> Mammalian 



<400> 



11 
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ataaacccta atttttttta tttaagtaca ttttgctttt aaagtt 



46 



<210> 12 

<211> 119 

<212> DNA 

<213> Mammalian 



<400> 12 

tagaatattt attacctctg atacctcaac ccccatttct. atttatttac tgagcttctc 60 
tgtgaacgat ttagaaagaa gcccaatatt ataatttttt tcaatattta ttattttca 119 

<210> 13 

<211> 105 

<212> DNA 

<213> Mammalian 

<400> 13 

tcagctattt actgccaaag ggaaatatca tttatttttt acattattaa gaaaaaagat 60 
ttatttattt aagacagtcc catcaaaact ccgtctttgg aaatc 105 



<210> 14 

<211> 34 

<212> DNA 

<213> Mammalian 



<400> 14 

attatttatt atttatttat tatttattta ttta 



34 



<210> 15 

<211> 55 

<212> DNA 

<213> Mammalian 



<400> 15 

tattttattc cattaaggct atttatttat gtatttatgt atttatttat ttatt 



55 



<210> 
<211> 
<212> 
<213> 



16 
5 

DNA 

Mammalian 



<400> 
attta 



16 



<210> 
<211> 
<212> 
<213> 



17 
4 

DNA 

Mammalian 



<400> 
attt 



17 
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<210> 18 

<211> 36 

<212> DNA 

<213> Plant 



<220> 

<221> misc_feature 

<22 3> n is any nucleotide 



<400> 18 

ggagnnnnnc atagattann 


nnnnnnaaat 


ttgtac 






<210> 
<211> 
<212> 
<213> 


19 
40 
DNA 
Plant 










<220> 
<221> 
<223> 


misc_f eature 

n is any nucleotide 








<400> 19 

ggaannnnnn nnncatagat 


cgnnnnnnnn 


caatgcgtat 






<210> 
<211> 
<212> 
<213> 


20 
30 
DNA 

Mammalian 










<400> 20 

gttcttgctt caacagtgtt 


tgaacggaac 








<210> 
<211> 
<212> 
<213> 


21 
29 
DNA 

Mammalian 










<400> 21 

gattatcggg agcagtgtct 


tccataatc 








<210> 
<211> 
<212> 
<213> 


22 

226 

DNA 

Mammalian 










<400> 22 

atgcatgatc aaatgcaacc 


tcacaacctt 


ggctgagtct 


tgagactgaa 


agatttagcc 


ataatgtaaa ctgcctcaaa 


ttggactttg 


ggcataaaag 


aactttttta 


tgcttaccat 


cttttttttt tctttaacag 


atttgtattt 


aagaattgtt 


tttaaaaaat 


tttaagattt 


acacaatgtt tctctgtaaa 


tattgccatt 


aaatgtaaat 


aacttt 





36 



40 



30 



29 



60 
120 
180 
226 
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<210> 23 

<211> 26 

<212> DNA 

<213> Mammalian 

<220> 

<221> misc_f eature 
<223> Y is pyrimidine 

R is purine 

N is any nucleotide 

<400> 23 

ccaaaggyyy ttytnarrrc caccca 2 6 
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